



A PRELIMINARY STUDY IN 
DISCRIMINATION OF MAZ' 
PATTERNS BY THE RAT 


JOSEPH G. YOSHIOKA 


Uniyeesitt of California Publications in' Psychology 
Volume- 4, No. 1, pp. 1-18, 1 figure in text 






»y y \ 

i i ^ 

1 V 

y<:W-r :: ’ 

(*'} s ’.'• 


trKtVEBSITY OF* CALIFORNIA PUBLICATIONS 


li— _r . ® ’*?«** •^^fcnmons, tuuversiia.05 . <ixiw ««», 

,ai|5p0 pdWeations of the, tymYcrsity *vrUl he sent upon request. £ 03 L:22 


3RSES8, BBBBBLET, CALIFORNIA., tr. S. A. All matter S 6 ®* 
fStatesk ^ KKOBAlNOE DEPA»T3VtENT, UNIVERSITY OF CAUPOR 
v^^^«t^. , OAXJPOBanrA, rr. a, a -. ■ '. 

^;V%',^*s, ^Egtllcatlon a of the University, of California Press may also Be oBta 
,W te»rHfWB6CBto(Gffl UNIVEKSParST PEBSS. TPTcmirpf/c. t-AKTR: T.ONDON, E.O. 4 


ESffcniptioa'Y.—George M. Stratton;. Warner Brown,'"and Edward Ci To! 
? '' • K ‘ 4ce B« r volume, $SBO. ‘cited as Univ. Calif.- PuBl. Bsycho 


>') ? lf : 2. JEte Process of ABstractioia, an Experimental Study, By Tno 

’’ • ,>. '• Moore. Pp* 73-197, 8 %ext figures. NovemBer,. 1910—*- 

t'y,' a. ra» Judgment of Ver^SWeafc Semory'Sidiniili, trtth .Specia 

I; i.-' ■ to the Absolute Threshold of .Sensation for Common salt, 
liy.,'' i‘- * ' , " Brown. Pp, 199-268, plates 1-4 FeBruaty, 1914- 


i\v ,V^ y t , \ W* >*W**v* W**WJ##fcW***» WMHkV* >***4*+ - 

■' I. Gates.' Pp. 345*350. 'May, 1916-.......- : -- 

v %' hVariaMons. In Sfi9.ciencv Oaring tlie Bay, together 

. , 'Sex Bififer*mces, ana Correlation hy Arthur I. O-atoa. 

;* \ f \M&r<% 191_™ r -- 

Ijy V$J* fc * : '\ "*l£ Experiments bn Attention and Memory, with Special Bef© 
V * iv V*' ‘‘ ' Psychology, of Advertising, hy 1. M. Bevy* Fjp. 

•• * leie 

B /V.>V' u ‘A OTte Psychology and jplivsiology of Mirmr-Wtiting, oy Just 

: Pp., 199-265. May, X93L6 — .y~—--- - 

J^emory and'Association in the; Cas» of 
ifcyy^ 5’^ 'N “ fcy Walter a KeHex and Warner Brown., Bp. 267-&7S, ^ 

$:}$$$'' " "f'k. A Ooxfiparfson of the illauanese ^ 

fi- rl; y, •; ■ • in the Psychology of OE*orm, By Sangoro Ito. Fp. 277-290. 

« V':>' y y. > e. Tndividnal and Sex I>iff erences in Suggestibility, By Wa 

Wi'fi: S91 ^? p - •. l -....~U r -- -“ 

| 3,' 1. An Experimental StudLfy of ABnormal Children, wdtii Spedal 

ffi&Wl*' • '* the ProBlems of Dependency snd Delinquency, By Olj 

! 2. Analysis of Pkchage DaToels, By Walter S. Heller. Pp. 61-. 
' ; " January, 1919—---—^---r—-•—:—** 

Y ic'V / Beulah, iday Moirrisonu Pp. 73-145^ Becember, 1924: — 

®!:^,v.V ; A Pec^ra ContjiButihg^Bo. ^BelinguenQr ?f Defective G 
'* ' "Walh^er. ■ 3Pp. ..April, 1925 —--—<■— 

:* **» ^gment->f;;Pi^v^;a Fuh^nof the seriw B 
'£<t^ Trnm^ii and E. ». Wever. Fp, 21S-223. June, 1928 . 

■•;.) « Pmrnholotcical Studies' of Motiou.Flctnres.. H. CBservati 
flmf-.; ^ ^ By Harold .Ellis,’ Jones, asSISte. 

jj: '■' v' : Od^rS^d ASon^om Pp. 225-243, 3 figures in 1 

19^8 -..... 

asJfiw : /t ' U -. 4 a ■DvdWw^Hrv StudV in Biscrimination of Maze Pattern 

T «®tata , Pp. 1-18, 1 figure in text : 


% >*kt, ■. . , 

i*-V ' 
.^.V ■ ' 
ww V " •'*“ *" •■ 

pBpp afe^w.v! 
m^'h^An' ... < 




A PRELIMINARY STUDY IN 
DISCRIMINATION OF MAZE 
PATTERNS BY THE RAT 


BY 


JOSEPH G. YOSHIOKA 


University of California Publications in Psychology 
Volume 4, No. 1, pp. 1-18, 1 figure in text 
Issued September 7, 1928 


University of California Press 
Berkeley, California 

Cambridge University Press 
London, England 



A PRELIMINARY STUDY IN 
DISCRIMINATION OF MAZE PATTERNS 
BY THE RAT* 

BY 

JOSEPH G. YOSHIOKA 


CONTENTS 


Introduction . 

The Problem . 

Apparatus and Method.. 
Experiments and Results 

Conclusion. 

Appendix .. 

Tables . 


1 

3 

3 

7 

11 

12 

13 


INTRODUCTION 

Several papers have been written regarding form and size 
discrimination in animals. Kinnaman (1902) found that the 
Macacus rhesus monkeys readily distinguished a food vessel 
of a given shape from other shapes; with given shapes, a larger 
size was preferred. But they failed to discriminate between 
designs drawn on cards. Watson (1914) found also that two 
M, rhesus monkeys discriminated a circle from a square of 
.equal area, and a hexagon from a triangle. An inversion of the 

* This paper in an abbreviated form was read at the seventh annual 
meeting of the Western Psychological Association held in Los Angeles, m 
July 1927. A fuller text in Japanese was presented at the first biennial 
meeting of the Japanese Psychological Association held in Tokyo in April, 
1927 and was published in the Japanese Journal of Psychology, II, No. 5 
(1927) 815-828. The present paper is an enlargement of the Japanese 

text. The writer wishes to express his indebtedness for valuable criticism 
and suggestions to Professor Warner Brown and Professor E. C. Tolman. 
Professor Tolman was also kind enough to read the manuscript. 
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triangle did not disturb the habit. Yerkes (1907) eciiielttftioi 
that the dancing mouse was apparently devoid of form percep¬ 
tion. Waugh (1910), working with the mouse, riuiliriiiist 
* Yerkes* negative conclusion. L. J. foie (1907) affirmed that 
the frag could middy estnldish n habit «if avoiding certain fmnl 
objects of a given shape, L, \V ♦ Pole mi* I Pong i l90!b claimed 
that the raccoon could distinguish a circle front a s.jttafe. Porter 
(Ifhiti found that the Kutrledt sparrow did not readily react 
to wooden boxes differing in form, tail belli the liigtMi m|iii rrtiw 
and the emvbird learned to read differently in different designs 
an cards, The cow bird singled mil a triangle from all the other 
forms; the sparrow failed in this reaction, lie* pigeon wm 
found hv Porter (HMMP to he aide to pick out n given form of 
n box among boxes of different forms. ; 111 1 * found 

that the turtle did very poorly in general in pattern discrimitui’ 
lion* but two lit rites discriminated vertieal from Imriitmtiil line* ; 
another two diHeriminated two series of parallel vertieal lines 
of different interval*. Pongliain ( Pd 'P claimed fit at flue ebmb 
wan very Hensitive to nijte differences. Its form discrimiunfimt 
was also very good, hilt according to liuigham, form ilberiiniiiii^ 
tioii m nothing more than a keen pereeption of size difference*. 
Hreed *h (111 12) ehieka confirmed Hittghmti *s positive result.*. 
OrbelH t tiHbu iidfig Pavlov P conditioned Mb’\ method found 
that tie* dag was sensitive fa farm and difference*, tmshlcy 
C PJlL® i found that tie* white rat eoubt dmeninsiwfe a siptut'o 
from a circle; and* in inum cuvles or it vum senmt 

ta nn areal diftVretiee of one fourth KaM and pend/, ' P.uk i 
succeeded in rsfabltdttfig a circle epuro habit in the flitch 
PeVes/, » IfidP claimed that the f If fob Was '»uhjret to U/e dlu non 
The method ttt all these e\§4ef!Sfwpm tv ns vi >u;tl presentation 
Since the fiiem about the funds ,fl of U'lloff ill the tftilVfVffb 
animal* are surpndmdy little known, tm poutfu* statement ea.n 

be mini** ttint tti tie* >*» evpenmou?'* do* niomaP were miding 

primarily to usual stimuli, f hirlioninrly in the term *4 the rod 
and the mttm as has been proofed out by Hunter ; IhPP, them* 
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was no assurance that the windows of different forms and sizes 
terminating the alleys served as the exclusive differential stimuli. 
Hunter argued that form discrimination in rats is always pattern 
discrimination. The animals seem to be reacting, not to tri¬ 
angularity or circularity per se, but to a particular distribution 
of sensory cues in space, which was triangular or circular. 
Further it is generally agreed that the rat is poor in vision. 
Hence an experiment on form and size discrimination in the rat, 
where the presentation is visual, necessarily precludes any clear- 
cut result. Accepting, then, Watson’s (1907) thesis that the rat 
depends mainly upon kinaesthesis, it seemed that an experiment 
upon the discrimination of maze patterns through the method 
of kinaesthetie presentation should offer with rats a more hopeful 
outlook. The present investigation was undertaken with this 
point in mind. 

The Problem 

The present experiment tries to answer the following ques¬ 
tions: Is the rat able to discriminate maze patterns; or more 
specifically, is the rat able to discriminate an equilateral- 
triangular path from an irregularly pentagonal path of equal 
length ? And if so, which pattern is preferred? 


APPARATUS AND METHOD 
Maze 

In order to fulfil the requirements that the two paths be of 
equal length, but of different patterns, the maze (fig. 1) was 
constructed in the form of an equilateral triangle which has 
the following geometrical properties: By joining the midpoints 
of the first and third sides (sides a and c) and again the mid¬ 
points of the third and second sides (sides c and 6), a pentagon, 
standing on the same base (side c) as the triangle, and composed 
of two consecutive equilateral triangles, is formed whose peri¬ 
meter is equal to that of the triangle. The internal angles in both 
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figures remain at 60°. The whole maze is made of galvanized 
sheet iron, 8 inches high, except the starting box and the food 
box, which are wooden. At one vertex (A) of the triangle the 
food box containing also the starting box within it is inserted. 


B 



The starting box, communicating with the maze proper and the 
food box, has the front and back doors of sheet iron set in smooth 
grooves on the side posts. By means of a string tied on the top 
of the door and passing through a screw-eye on the horizontal 
bar capping the side posts, the door can be noiselessly pulled up. 
Where the alleys end in the food box, a pair of similar doors is 
placed. The left alley (hereafter designated as path 1) circuits 
the three sides of the triangle, and hence is triangular in shape. 
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The right alley (hereafter designated as path 2) starts along 
path 1, diverges from path 1 at the midpoint of side a, runs to 
the midpoint of side c parallel to side b ; turning again it reaches 
the midpoint of side b parallel to side a. For the rest of its 
course it runs along path 1. Path 2 is pentagonal. Both paths 
are 4 inches wide. At the entrance of the maze the two paths 
have no wall between for the distance of 10 inches. Where the 
two paths begin to be walled off one from the other, the floor of 
each has a hump in it, like the top of a Japanese bridge. The 
roofs of these humps are 11.5 inches high and 20 inches in span, 
the floors coming up to the top of the maze, which is 8 inches 
high. On account of these humps or bridges the two paths look 
very much alike from the entrance. As shown in the figure, the 
first turn of path 1 is twice as far away from the entrance as the 
first turn of path 2. The floors of the bridges, inclining up as high 
as the top of the maze, completely screen off the view of these 
two turning points at the entrance. Any visual cue attached 
to these turning points that may influence the choice of the two 
paths is thus eliminated. Path 1 (including the bridge) is 
approximately 327 inches long as the rat runs. Path 2 should 
be just as long. But the passage of path 2 lies 4 inches nearer 
the center of the triangle, since each path has the width of 4 
inches, and the pentagon is inscribed, in the triangle; and, more¬ 
over, at each angle the inscribed path saves 8 inches in turning. 
These conditions made path 2 shorter than path 1 by 42 inches. 
To minimize this difference the first and third turns of path 2 
were shifted 4 inches toward the angle B. This lengthened 
path 2 by 16 inches (though in so doing the internal angles 
were reduced from 60° to 52°). In addition the rat completing 
a circuit through path 2 had to travel 4 inches farther to get 
at the food, since the food pan was placed farther away from 
path 2 than from path 1. By these means whatever actual 
difference there remained between these two paths came well 
within the threshold of the discrimination of maze distance 
(DL==1/10), as proved by De Camp (1920) and confirmed 
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by Yoshioka (MS, 1928). The two paths could thus be con¬ 
sidered practically as of equal length. 

The task required of the rat was to make the circuit of the 
maze from the starting box back to the food box through either 
path 1 or path 2. Before the pair of bridges a %-ineh wire- 
mesh door could be installed at will. This door, hinged by wire 
rings on an iron sheet inserted between the bridges, could be 
pulled toward one side or the other in the fashion of a ship’s 
rudder; thus the one path could be left open while the other 
could be closed. The closed path, however, was always plainly 
visible through the wire mesh. 

Experimental Procedure 

The running was divided into two series: (1) the training 
series; (2) the choice series. (1) The training series involved 
forced runnings (by properly manipulating the wire-mesh door) 
through each of the two paths. It lasted for four days and on 
each day the animal was run alternately on the two paths (6 
runs per day, 3 in each path). Hence at the end of this series 
each rat had been forced to run each path 12 times: 24 runs 
m all. (2) The choice series began the day after the training 
series had been completed. Two methods were employed: series 
A, the free-learning method,; series B, the daily-practice method. 
In series A the wire-mesh door was taken off, and the rats were 
free to choose either path, 6 times per day for 10 days. Hence 
each rat had 60 choices in all. In series B, just before the begin¬ 
ning of the daily program, the wire-mesh door was put in and 
the rats were forced through each path once. After this short 
daily practice, the door was taken off, and the rats were allowed 
to choose, as in series A, either path freely, 6 times a day for 
10 days. 

Scoring 

Since the problem was to see which of the two paths would be 
predominantly chosen by the rats, the constant method (method 
of right and wrong cases) was employed. The scores were the 
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frequencies of the choice of each path within the total 60 choices. 
The two paths were approximately equal in length, and the 
simple pattern of the maze involved very little learning. It is 
clear that time and distance scores would have had no meaning, 
and also that, with the absence of blinds, error scores were 
impossible. 

Rats and Experimental Set-Up 

The experiment was carried out in the wunter, 1926, in the 
Psychological Laboratory at the University of California. The 
maze was set in a corner of a room, where a heavy black curtain 
excluded the general light. Just above the bridges a 110-kw. 
lamp was suspended high in the ceiling of the room. This was 
to insure as much and as equal illumination as possible through¬ 
out the two paths, and particularly at the choice point. The 
room was relatively free from external noise. The rats were 
Wistar descendants reared in the laboratory, and at the begin¬ 
ning of the experiment were two to three months old. Thirty 
rats constituted one group, and the sexes were distributed as 
follows: group I for experiment I, 20 <$ and 10 5, 30 in all; 
group II for experiment II, 22 J 1 and 8 5, 30 in all. 


EXPERIMENTS AND RESULTS 
Experiment I, Series A (Free-learning Method) 

After the training series, 6 trials per day for 4 days, had 
been completed, group I, composed of 30 rats, was given the 
choice of two paths by the free-learning method, 6 times per day 
for 10 days. It was of course unknown a priori which path, 
triangular or pentagonal, would be preferred by the rats. It 
was also uncertain whether any preference would be shown. If 
no preference were shown, the mean frequency of the choice of 
one of the two paths, that is, the choice by chance, in 60 choices 
would be 30 ± 3.87 (<j p = y/'wpq ). But actually the mean fre¬ 
quency of the choice of the pentagonal, path by 30 rats in 60 
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choices was found to be 37.70 ± 1.43 (table 1). The difference 
between the probable and actual scores was 7.70, which was 
1.9 times the sigma of the difference (<r<uff = V<n 2 + on 2 ) ; 
hence the difference is significant. The reliability coefficient 
obtained by correlating the odd days with the even days was 
.497, but the same obtained by correlating the first half of the 
days with the second half of the days was as low as .225 (table 
2). Within each half, however, the reliability coefficients were 
.913 and .801, respectively, by the odd-vs.-even method. These 
coefficients show that the performance in the first 5 days was 
a little different from that in the last 5 days. The inter cor rela¬ 
tions (table 3) show the same thing: those along the diagonals 
are fairly high ,* the second diagonals are the next best; but as 
the days are chosen further apart, the coefficients become low and 
even negative in some cases. The daily means, when plotted, 
showed an ascending learning curve flattening out toward the 
end. 

All these evidences indicate that in the last half of the series 
the behavior of the rats in the maze became more stabilized and 
relatively constant from day to day. But is this an evidence 
of discrimination? Frequency and recency factors might be very 
potent in habit fixation of this type. One path might be selected 
as a result of discrimination between the two paths; it might 
also, however, be chosen independently of discrimination, simply 
because it happened at the beginning to be more frequently 
and more recently traversed. The preference shown for the 
pentagonal path may thus have been due to the operation of 
frequency and recency factors, and not to the power of dis¬ 
crimination. In order to confirm or dispel such a doubt series 
B was carried out. 

Experiment I, Series B (Daily-practice Method) 

Group I, composed of 30 rats which had completed series A, 
was given another choice series, 6 trials per day for 10 days, by 
the daily-practice method. Just before the beginning of the 
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daily program the rats were forced through each path in 
alternate order on successive days by inserting the wire-mesh 
door. After this short daily exercise, the choice was given, 
exactly as in series A. The daily practice aimed at reminding 
the rats of the cues in each path, thus intensifying the factors 
needed for discrimination. Also these two forced runnings 
would tend to counteract the influence of frequency and recency 
on choice. The result showed that the mean frequency of the 
choice of the pentagonal path by 30 rats in the total choice of 
60 for each rat was 39.13 ± 1.84, 9.13 above the choice by chance, 
or 2.1 times the sigma of the difference (table 1). That is, the 
significance of the difference increased. Also the reliability 
coefficient rose to .700 by the half-vs.-half method, and to .875 
by the odd-vs.-even method. Within each half, the coefficients 
by the odd-vs.-even method were .789 and .842 respectively 
(table 2). Comparing with series A, it is seen that these 
reliability coefficients are much the higher. Again the inter¬ 
correlations (table 3) are all high, and this further bears out 
the evidence given by the high reliability. We can conclude 
then that the animals were really discriminating and also that 
the daily-practice method- is a superior one for allowing such 
discriminative propensities to appear. 

Comparing series A with series B } the correlation between 
these two series was found to be .796 (table 4). The correlation 
between the two first halves was .296, but between the two last 
halves was .762. The last half of series A approached closer 
to series B. Perhaps this was to be expected, since series B 
might be considered nothing but the continuation of series A. 
The scores in series B may very well have been mainly due to 
discrimination, but the better discrimination here may have been 
due to the practice effect carried over from series A. To exam¬ 
ine this possibility experiment II was carried out, where series 
A and B were given in a reversed sequence, that is, series B first, 
followed by series A. 
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Experiment II, Series B (Daily-practice Method) 

A new group of 30 rats (group II) was given the same pre¬ 
liminary training series as in experiment I, and then a choice 
series of the daily-practice variety. The result showed that the 
mean frequency of the choice of the pentagonal path by 30 rats 
in the total choices of 60 for each rat was 41.03 ± 2.07 (table 1), 
11.03 above the choice by chance, or 2.5 times the sigma of the 
difference. The difference between the obtained scores and the 
most probable scores to be obtained by chance was increased in 
significance, proving the efficacy of the daily-practice method in 
a discrimination problem of this type. The reliability coefficient 
by the half-vs.half method was .788; by the odd-vs.-even method, 
.948 (table 2). Within each half, the coefficients by the odd- 
vs.-even method were .891 and .886 respectively. The inter- 
correlations (table 3) were very much higher throughout than 
in experiment I, series A (given in the same sequence). To 
see what influence series B has on series A, series A was given 
immediately after series B. 


Experiment II, Series A (Free-learning Method) 

Here the rats after having completed series B were given the 
choice by the free-learning method. The mean frequency of the 
choice of the pentagonal path by 30 rats in the total choices of 
60 for each rat was found in this series A to be 36.87 ± 2.11, 
6.87 above the choice by chance, or 1.6 times the sigma of the 
difference (table 1). The significance of the difference between 
this and a 50-50 choice was much less than in the choices for 
series B. The reliability coefficient by the half-vs.-half method 
was .866; by the odd-vs.-even method, .957. Within each half, 
the coefficients were .906 and .948 respectively by the odd-vs.- 
even method (table 2). The intereorrelations (Table 3) were 
consistently high. The stability of performance was very much 
in evidence, but the degree of discrimination decreased materially 
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as compared with series B. Hence it seems that the stable per¬ 
formance here witnessed may w r ell have been due in part to 
frequency and recency factors rather than to discrimination. 

Comparing series A and B in experiment II, the correlation 
between these two series was .977, much higher than the similar 
correlation found in experiment I (table 4). The correlation 
between the first halves was .772, but between the last halves it 
was .679. It seems that, toward the end of series A, the practice 
effect of series B, helpful for discrimination, tended to be for¬ 
gotten, and the animals tended to fall into mere position habits. 

The consideration of the sampling error of the two groups 
of the animals used in experiments I and II is found in the 
appendix. 


CONCLUSIONS 

1. The rat is able to discriminate the two maze patterns. 

2. The rat prefers the pentagon to the equilateral triangle 
of equal length. 1 

3. The daily-'practice method is far superior to the free- 
learning method for causing' the discriminative preferences 
(rather than mere position habits) to appear. 

1 A further study in which pairs of still other maze patterns are offered 
for choice is under way in the same laboratory. In this study the possibility 
of a choice by mere position habits is further considered, and the factors 
involved in such habits are well controlled. 
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APPENDIX 
Sampling Error 

In these two experiments two groups consisting of 30 rats 
each were found to discriminate two maze patterns, and the 
evidence of discriminability of maze patterns and of the prefer¬ 
ence of one pattern to the other was based upon the significant 
differences of the group means as compared with choices based 
on mere chance. In order that any conclusion based upon such 
evidence may be valid, it is required that these two groups be 
similar samples. In other words, the individual scores of the 
first group must distribute themselves around the mean of the 
group in the same way as the individual scores of the second 
group distribute themselves around the mean of that group. If 
this requirement were not fulfilled, whatever group differences 
might be found could only be due to a particular performance 
of a particular sampling. In the case of our experiments, this 
requirement was met by the sigmas of distribution of the four 
series (table 1). In experiment I the composite sigma of the 
sigmas in series A and B is 8.91 zb 2.05; in experiment II the 
similar composite sigma is 11.50 =t 2.81. These two sigmas lie 
well within the standard error of each other. Hence these two 
groups can be considered similar as far as the running in this 
maze is concerned. 
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THE EFFECT OF CHANGE OF REWARD ON 
THE MAZE PERFORMANCE OF RATS 1 

BY 

MERLE HUGH ELLIOTT 


PROBLEM 

The purpose of this study was to determine the effect of 
changing to a new reward after rats had learned to run a maze 
for a certain reward. The animals were given daily trials in 
the maze and received a reward of bran mash at the end of each 
trial during the first nine days. On the tenth day and thereafter 
they received sunflower seed. The question was whether or not 
such a change would affect the maze performance of the animals. 


LITERATURE 

The literature on the use of incentives in animal learning has 
been classified by Simmons (1924, p. 2) as follows: 

1. Experiments in which the incentive was considered only incidentally 
as a necessary means of controlling the training. 

2 . Experiments testing the relative effectiveness of different intensities 
of the same incentive. 

3. Experiments testing the relative effectiveness of different incentives, 
or of a combination of incentives, compared with one alone. 

This analysis would indicate that the greater number of the 
investigations in connection with animal “drives,” “motives,” 
or “incentives,” have been largely concerned with purely tech¬ 
nical problems. Such problems are important but it is question¬ 
able how far ; the solutions will be of any particular significance 

1 T his ia the first of a series of investigations on the relation of motiva¬ 
tion to the learning of animals, which is being carried on under the direction 
of Professors Warner Brown and Edward C. Tolmah. The writer grate¬ 
fully acknowledges his indebtedness to each of these counsellors for con¬ 
tinual advice and criticism. 
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for theoretical psychology. It seems that a fourth category 
should be added to those of Simmons. This would cover e\peri 
meuts specifically intended to study the strictly psychological 
problems of the nature of the “drives” and ot their oilcd upon 
learning. 



Pig. 1. Plan of maw. 


Let us consider now the investigations which hear upon thi. 
fourth type of problem. Szymanski dDltvn set out to answer 
the following very pertinent, questions: After learnin*' will the 
rat run the maze without the reward of food < p. •toil, ; Will 
some other drive serve as well (p. 2111 ? SzymanskiV, answers, 
however, are quite ambiguous and based on a very small number 
of animals. 
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HhnlKt'lt i l !>2.'i' ran rats in a tiut/o without raw ant for 
various poriods t *.*»..7. and l« duyM. «»iu-h ‘‘itm 

show.Ht litth* improvomont. A rowurd of food was thou intro- 

duml amt tho animals almost at .. shou.sl a t'orformaimo 

cqunllinfX that of tho omit rot irroups wt.ivh had boon ..ivim: 

fo.ut throughout tin* trainimr. Tins mdiouto* that "latont loam 

in{r - had h.. takinjr piaoo but was not boit W monsttrod unlit 

tha food rrwnnl was introdu. I Saynumski (UUS/*, p. :»7«* 

and Simmons i Ithtt, pp. «t 71 ohtaim-d similar rosults, 


M AT Kill At.S AM* MKTIUU) 

Thr nut:*' 

# rin« tmm* wnfatited fourteen 1' dmped cinder fiiiitifn minted 
as shown in ti«:uro 1. oaoh alloy hoim; four itmhos wid- and ton 
inohos Ion!-, floors woro olosod h.hind tin- animats as soon in 
thoy had ontorod any partionlur alloy, in ordor to j.roumt 
rotraoin*', <’urtains,' plant'd midway in o.ioti alloy, nuolo it 
impossihh* for tin* rats to utdi/,o as a ono any oou.tant tratal 
difforonoo liotwoon into path attd mil do soo. 

Animals ■ 

I’ntruined mule rnf h ram?i*u? in frutw d%ty in ninety 
days, upproxiiuHtrty, \\ere U‘*ed, 

Meihtni • 

Tha rntn war** §dven nite trial per day in tin 4 tmua utsd were 
allowed to remain in the fond l*n\ lit the end t**r three minute* 

Thvy were then returned to the living enur and, uhnut thirtj 
niinuti'N taler, reeri\e« 1 tin* mtdHhand tend 1 1 ***** # ^ s *iir^v fn unde* up 
an adequate 4nilv rat inn In thin later fWdtw 'evepi an tinted 
in the rant* nf the control t,.?rottf^ the food Win* atwuyv of tin* Millie 
kind m hint hern received that day in the food \m% nf the tmi/e 
Iterordu nf linth time and rrmr* mere made, Krr«*rs were 
counted \\ hen the rat entered a Id tin t alley Sar ewun*h In drUttrh 

» 'Hm* UH«* el 4 Mlfli in$l1. r ||ll1 4W* Sll’il ’iMj.'t?** »t*d fo In, t'h * * ton'trt, t 
inirfimn ttwe tmele nf* he nj Uhirh rinfli .not fh*q» *IM tea i ttr iaf r * -»*»> 

difffrtUty, 
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tin 1 cloth curtain. Thin is practically the same as the usual 
criterion of an entrance amounting to a holy's length. Partial 
entrances were not recorded. 

Con troh— 

The maze was uniformly lighted from above, (llfaetory cues 
were very largely ruled out hy frequent shifting of the eurtains 
ami by systematie brushing of the maze after eaeh earn* of rats 
(five or six) had been run. 


I'UOCKDntK 

Experimental group . 

Twenty-five rats were trained in the maze, receiving a wet 
mixed food 11 for the first nine days, (In the tenth and ensuing 
days sunflower seed, instead of the usual diet, was placed in 
the food box of the maze. Sunflower seed was also substituted 
in the later feeding in the living cages, 

On the sixteenth day these rats of the experimental group 
were divided into two subgroups A and it. which were there 
after given differing treatment. The animals in A, from the 
sixteenth day on, were as usual allowed to eat sunflower seed 
at the end ol their maze trial but t hey were given onlv a verv 
small amount of food (also sunflower seed) at the later feeding 
time. 1 he animals in It were returned to the original bran 
mash regimen. 

Control group — 

In addition to the experimental animals a group of thirty 
were trained in the maze, always receiving sunflower seed as a 
reward. These animals usually received sunflower seed at the 
later feeding in the cages, but as a precautionary measure to 
keep them in condition for the whole training period, this was 
supplement ed every fourth day by the standard uuwh diet. 

3 A modification of tho Kfmibovh diet. 
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RESULTS 

The rats of the experimental group showed the usual im¬ 
provement in performance for the first ten days. Substitution 
of the sunflower seed on the tenth day, however, caused an 
increase in both time and error-scores on the eleventh and 



succeeding days as shown in figures 2 and 3. The change in 
performance appears to be more than a mere temporary disturb¬ 
ance, since it increases rather than decreases during the course 
of six days. . On the day of the change of reward, the tenth day, 
the animals did not eat steadily while in the food box but divided 
their time between eating and random searching. • 
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During the period between the tenth and sixteenth day ther 
was undoubtedly an increase in the number of partial entrance*' 
which were not shown in the error sen res. Thin would aeeouii 
in part for the large increase in the time scores, 


__ toprtsMlil #r«up 

Subgroup i. 

*— — Subgroup & 

* Cfcnoat* of rvmri 


It 3 4 *6 

fell If trial* 


II It III 14 U< 


Figures 2 and *1 depict, in terms of errors and time rcKfie** - 
lively, tin* differences in performance for the various stamen of 
the training period, In enter to show that the difference follow . 
mg the change to mmfimver seed ttus significant, table l t '-* 









l»Si81 


RHiott; Maze Performance of Bats 


25 


presented. This table gives the difference between the mean 
for the tenth day and that, for each of the succeeding days, 
divided by the standard deviation of that difference (i.e., 

{ V These ratios wore computed from the data shown 

iT diff 

graphically in figures 2 and 2. Obviously these differences could 
hardly occur by chance. 


TABLE 1 


iiKUAiimmKH or tier lumatKNCKH or tier Means or the Experimental 

Group 


I lava 


m n 

10 12 

io id 

10-14 

10-15 

10-16 

m 

terrors i 

4.07 

2.9 t 

2.41 

3.56 

4.37 

5.09 

Mir 

«M*/7 

i time) 

tiihl 

2.91 

2.59 

3.47 

4.64 

4.63 


The animals in subgroup A on a greatly decreased daily 
raiims id' suullmver seed (sixteenth 1o twentieth days inclusive) 
eame back to their previous standard of performance or better. 

Subgroup It, when again receiving the original wet; mash diet, 
also returned to their previous standard. Inspection of the indi¬ 
vidual records suggests that this group as a whole returned more 


quickly and uniformly than the semi-starved animals, but the 
size of the groups is not sufficient to prove such a conclusion. 

Figures I and 5 show the learning curves for both the experi¬ 
mental and the sunflower-seed groups in terms oi errors and 


time, respectively. As may he seen, the learning oi. the latter 

i The ;itan,liml (levintimet (<r) Cor the scorn on each day wore computed 
l.v the formula: <t- The standard deviations of the means for 

(.sell .lay were then computed l>y the formula: <r„, ~ • - . The standard 


hma of the diff rrnicps of tho moans* for two days wore computed by 
the formula: k I Serene.* of the means divided 

bv the at a n<l art l deviations of these differences are given ni th .° table. In 
tin* rmnpamana between different performance of the aame animals (table 
1 k alight !v tower tf r /// r and correspondingly hlfihrr rntioa would be obtained 
bv using the formula: * \/ T (^ms) *"" "^ <rm! ' Ibis would 

not hold, however, for the eompariaon between different groups of animals, 

art in table 2. 
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group was definitely inferior to that of the former. The results 
would be more clear-cut and easier to interpret if the two learn¬ 
ing curves were equal. Nevertheless, it is apparent that when 
the reward of the experimental, group was changed to sunflower 



seed the performance did more than merely rise to the level of 
that of the control group for the corresponding period. Treating 
the error- and time-scores in the way described for table 1, the 
curves for the two groups were compared, day by day for the 
period from the eleventh to the sixteenth day. The ratios given 
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in table 2 show for each day the difference between the mean 
scores of the two groups (experimental compared with control) 

divided by the standard deviation of that difference (^-). 

(Tdiff 


* 

4 ? 



g 

m 


\ 

\ 


Experimental group 
— Sunflower-seed control group 
x Change of reward 
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TABLE 2 

Eeliabilities op the Differences of Means of Experimental and 
Control Groups 


Days 

11 

12 

13 

14 

15 

16 

^. (errors) 

<mtf 

.07 

1.48 

.45 

2.07 

3.70 

3.41 

^. (time) 
on ff 

.86 

1.73 

1.79 

2.81 

4.16 

4.99 


These ratios effectively bear out the impression given by the 
curves in figures 4 and 5. There is little difference between the 
two groups on the eleventh, twelfth, and thirteenth days, but 
thereafter the difference is definite and reliable. 


DISCUSSION AND CONCLUSIONS 

The difference in performance resulting from the change of 
reward might seem open to a number of different interpretations. 
Some of these possible interpretations will now be discussed. 

In the first place it might be held that the difference is due 
to an emotional upset of some sort. However, we usually find a 
certain amount of habituation to an alarming situation, while m 
the present case the difference in performance increased over a 
period of six days. For this reason an emotional disturbance 
seems hardly an adequate explanation. 

It is possible that the general physiological condition result¬ 
ing from the sunflower-seed diet might be responsible for the 
change in performance. The evidence for this view is not strong, 
when we consider the control group. It will be remembered 
that on every fourth day they received a supplementary ration 
of the standard mash diet. According to the above hypothesis, 
we should expect an improved performance by these’rats on 
the days following each bran feeding but no such improvement 
appeared. 

A third interpretation would be that the increase in time and 
errors was due to a lessening of the hunger drive and hence is 
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com parable with the results obtained by Szymanski (1918a, 
p. 209 ') when he stopped rewarding rats which had been receiv¬ 
ing fond in the maze, The fact that the learning of the control 
group was interior to that of the experimental gives evidence 
for this view. On the other hand the learning curve of the 
latter group rose distinctly above that of the control animals 
when the reward was changed. Moreover, computations 5 showed 
that after the change the experimental animals were receiving 
slightly less food in terms of calories as well as considerably less 
in actual volume. Presumably, then, thoy should have been 
fully as hungry as they were before the change of reward. 

In view of tlte manner in which the animals actually behaved 
both in the maze and in the food box, preference is here given 
t<i a different and more prosaie interpretation. The animals 
math* errors because thoy wove searching for the accustomed 
land more desirable) food; and, on the trials just preceding, 
the true path hud not led to this goal. There was never any 
difficulty in getting tin* animals to traverse the maze, such as 
might have been expected from a weakened hunger drive. 

! Szymanski, PHSb, p. 275, found that satiated rats would not 
run the maze, t 

The following conclusions an* suggested: 

1, Hats running tin* maze* under the drive of hunger were 
learning to expect a specific reward rather than mere satisfaction 
of hunger. 

2. The results obtained by Blodgett (1925) together with the 
present findings, indicate that performance in the maze may not 
exactly mirror the course ot actual lea ruing. A poor per¬ 
formance may be due to the strangeness or undesirability of the 
reward as well as to lack of learning. 

r, These computations were based on the data, in various bulletins of the 
United St at llepartmeut of Agriculture. The calory ratio wan approxi¬ 
mately This ratio would bo made still more significant, if we had 

'measure of the relative amounts of food consumed in the food box of the 
maze during the three minute period. The rats receiving sunflower seed 
were forced to spend a certain amount of time removing the shells, and 
besides, did not cat ho steadily as those receiving bran. 
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3. In any experiment in which it is desired to show the true 
curve of learning, the reward must he kept constant and care¬ 
fully standardized. This has not always been done. ■ 
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THE REWARD VALUE OF A CONDITIONED 
STIMULUS 1 


BY 

KATHEKINE ADAMS WILLIAMS 


PROBLEM AND METHOD 

The experiment here described was designed to answer the 
specific question whether a box in which rats have been invariably 
fed becomes a reward in itself; that is, will such a box become a 
goal-object on its own account so that the animals will learn a 
maze in order to reach it even when it contains no food. Accord¬ 
ing to one type of analysis, 2 the box, in this situation, becomes a 
conditioned stimulus to the food-seeking response. The present 
writer doubts the validity of this analysis; but let it be adopted 
for the present for the sake of convenience. The more general 
question may be formulated as follows: what is the reward value 
of a conditioned stimulus f 

There are four main methods of comparing strengths of drive, 
and so, indirectly, of reward values. They are the obstruction 
method, the choice method, the learning method, and the latent 
learning method. 

1. Moss made use of the obstruction method. 3 An animal is 
placed in a compartment the door of which leads across electric 
plates to another compartment in which there is food. The 
amount of current over which the animal will pass becomes a 
measure of the food drive. 

1 The experiment herein reported was carried out in the Psychological 
Laboratory of the University of California during the academic years 
1926-27 and 1927-28. The author wishes to make grateful acknowledg¬ 
ment of her indebtedness to Professor Edward C. Tolman and Professor 
Warner Brown for their interest and advice. 

2 Watson, J. B., Behaviorism (1924), p. 25. 

3 Moss, F. A., 1 ‘Situdy of Animal Drives,’* Journal of Experimental 
Fsychology, 7 (1924): 165-185. 
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2, In the same sfutl>\ Moss also employed the choice met I* <H 
He placed an animal in the middle compartment of a 
compartment box. In the compartment on one side wan a fextinh* 
in heat, in t!te eompartment on the other was food. The nuunt 14 * 1, 
of times that one reward or the other was chosen was taken 
a measure of the relative strength of drive. 

Il Miss Simmons used scores made in learning: a maze a*** H 
measure of drived The scores compared may he the total intn* 
her of errors made before the maze is learned, total time* 
sumed in learning or number of trials required to learn. 

Miss Simmons' method was at first favored for the 
experiment for various reasons. In the first place, it is five front 
some of the weaknesses of the other two methods. The obnf ****** 
tion method involves n seeond drive and, from our point of v I***' » 
the conditioning of an avoidance response; while the 
method does not offer a measurement wfdeh is statist ieall>* *' tH 
dear and flexible as that afforded by the learning mot Jmd, 
Furthermore, maze learning is itself a subject of great psy<*ti** 
logical interest, and it was hoped that some light might Ik* thr* u 
upon die process by which it takes place. 

4. This learning method proper, however, proved to be unst i % f - 
able for our purpose/' and a modification of it was found in w Itni 
may tie called the latent learning method, The fact of laf **t*f 
learning was hinted at by experimental work done by Hzymarmk f* 
and later by Simmons, 7 but was not examined thoroughly until 
Blodgett’s experiment 11 clearly demonstrated its existence. I % It ** I 
geft ran rats in a multiple*!' maze. One group he* fed after 
trial for three minutes in the food box* The other group, ilki* f lie 

* Hinmumjy It, 11 The Rotative RttVetivcncrtH of <Vrtmn Im*eftUw>4 m 
Animal learning/ 1 PuyvhnloffictU Xtompraphn, U ( 1024 )* no. 7, 

f » Sec Appendix A, 

<i H'/ymannki, J. H., u Vornuche ttber dir Wirkung dor Pnktorcii du* »ii* 
Antricb ssuro ErUmum oilier UiuuUim# dienon f f Pfluof'nt A 

170-471, (HI 18): 370. 

; Simmons,. It, “The Relative UffWt ivenoiM of Certain I art* id iv« *.h m 
Animal Learningd* Pxyehatoaiml Mmw$tmphM f 2 CtU24j; no. 7, 

H Blodgett, it. U., * 1 Relation of Reward to Animal learning, * * u*i§«u h 
linked HU), thesis, deposited in the University of California Library, 1 iK *v 
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first in every other respect, were given no reward at the end of 
the maze until the seventh day. Instead, they spent three minutes 
in the empty food box, after which they were returned to their 
living cages. All rats were given their daily food one hour after 
running the maze. Error curves for the two groups show that 
the non-reward group made little progress in learning before 
they were rewarded, but within two days after the introduction 
of the reward this group made as few errors as the groups which 
had been rewarded from the first day. Blodgett believes this 
indicates that during the non-reward period the rats did learn, 
but that this learning was held in a latent state and was mani¬ 
fested only after a reward was introduced. If this is so, it would 
seem that the extent to which the learning curve drops when a 
reward is introduced may be taken as a measure of the value 
of the reward. 

In the present experiment the latent learning method was 
employed in the following manner. First, a group of rats were 
taught a discrimination habit. They were fed in the white side 
of a black-white discrimination box and in no other place. After 
conditioning, i.e., when they had learned to choose the white 
compartment, these rats were given one trial daily in an ordinary 
unpainted redwood maze. For the first eight days they found 
no reward at the end of the maze, and of course did not com¬ 
pletely eliminate errors. On the ninth day, instead of introduc¬ 
ing food as a reward, as in Blodgett’s experiment, the experi¬ 
menter placed the conditioned stimulus in the shape of the dis¬ 
crimination box without food at the end of the maze. The extent 
to which the learning curve dropped was taken as a measure of 
the reward value of the conditioned stimulus. 


APPARATUS 

The plan of the discrimination box is shown in figure 1. 
A is the starting box from which a door leads into the vestibule 
B. C and D are choice compartments leading out of this vesti¬ 
bule. E is the eating chamber. The whole box is made of red- 
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wood but A and B are unpainted and have green oilcloth on the 
floor. C, D, and E, on the other hand, are painted white on the 
inner sides and have white oilcloth on the floor. But in any 
given trial either C or D (C as shown in the figure) has fitted into 
it an inner shell in the form of a cardboard box open at one end 
only and lined with black oilcloth. This cardboad shell can 
easily be shifted from side to side—then sometimes (as in the 
figure) C is the white open side, and sometimes D. The animals 
thus develop no position-habits but have to learn to take the 
side which in that trial is white and open. The food dish is 
always placed around the corner out of sight from the entrance 
to the white compartment. The walls are 8 inches high. All 
other dimensions appear in figure 1. 


ffe* 


n ^ i n 

D » B " 

303 / 4 " 

Mg. 1. Discrimination box. 


The floor plan of the maze is shown in figure 2. It is a 
multiple-T maze of the same pattern as Stone’s 9 except that it 
does not have the little T cross-bars at the ends of the blinds. The 
order of right and left turns isRLLRRLRRLRRLLR. 
The whole maze, including the starting box and the end box, is 
constructed of unpainted redwood, with walls 8 inches high. 
The other dimensions appear in the figure. Retracings from one 
alley to another are prevented by doors at the choice-points, 
indicated in the diagram by the dotted lines. (Dr. Blodgett 
pointed out the advantages of doors.) These doors are made of 
beaver board. They are hung at one upper corner and are opened 
by pulling strings attached at the diagonally opposite corner. 
They thus swing easily in the plane of the door. The experi¬ 
menter sits at the point represented by A in the figure. From 

9 Stone, C. P., and Nyswander, D. B., “Reliability of Rat Learning 
Scores from the Multiple-T Maze as determined by Pour Different Methods ,’ * 
Pedagogical Seminary, 34 (1927): 497-524. 
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this point the doors can be operated silently and all parts of the 
maze can he seen with the help of a convex mirror hung from the 


ceiling of the room. 



Every alley has a separate floor covered with green oilcloth 
which can be removed and turned end for end or exchanged, to 
prevent the rats from trailing each other by smell. As a further 
olfactory control, food dishes stand outside the starting box, the 
end box, and the eighth alley, so that the odor of food is pervasive 
and constant. 
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EXPERIMENTAL ANIMALS 

The rats were females from the oniony maintained by the 
Department of Psychology of the Pniversity of California. They 
were albino, with the exception of three which were pied. Of 
latter, two were in Croup II, and one was in Croup Hi. 
animals were between sixty and a hundred days old when the 
work was begun. There were in each group. 

PROOEIM’RK 

The first part of tin* experiment consisted in “conditionin''” 
the rats to the white compartment id' the discrimination box 
Since these animals luid not lieen handled more than was neco.s- 
sary in caring for them in the colony, the first three days were 
spent in habituating them to the box and to handling. o tl the 
first day each rat was placed near the food in thi 1 discrimination 
box and allowed to eat for twenty minutes, t As a matter of fact 
very little food was consumed on these first days because (he 
animals were very timid.) On the second day the animal was 
placed in the vestibule and allowed to find its way to the food. 
On the third day it was placed in the starting box ami allowed to 
find its way to the food. Alter this amount of preliminary train¬ 
ing, it was possible* in the case of most mumals to begin giving 
ten trials a day, but in a tew cases the rat's timidity seemed to 
lead it to seek protection in the darkeo\ered compartment, where 
it would stay for an indefinite amount of time. In such eases, 
the choice was open to the experimenter of discarding these rats 
as useless, or coaxing them into the white side of the box by 
dragging the food dish a fraction of an inch ahead id' them, 
fehe adopted the latter course and so succeeded at last, in bringing 
every animal to the point where ten trials a day could !*• made. 

Each trial consisted in placing the rat in the starting box and 
opening the door to allow it to enter the vestibule, where it made 
a choice between entering tin* black compartment and entering 
the white, if it entered the black compartment for the distance 
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of its body length, an error was recorded, but the rat was per¬ 
mitted to continue its explorations until it reached the food. It 
was allowed to eat for thirty seconds, and then was placed in the 
starting box, for another trial. Since the animal received its 
daily portion of food in this way, which involved a loss of time 
for the experimenter, it was desirable to feed it. as little as would 
suffice to keep it in health. A few rata speedily adapted them¬ 
selves to the experimental conditions and ate enough food in the 
thirty seconds allowed at the end of each of the ten trials. In 
many cases, however, the rats ate slowly and had to be given 
more time at the end of the tenth trial. Unsatisfactory as this 
method of controlling the amount of food consumed and the 
incentive of hunger manifestly is, it seemed to the experimenter 
better than allowing all rats to eat for the same length of time 
or than allowing them all to eat the same amount of food. All 
rats in this experiment lost weight, hut, with the exception of 
three which died in the preliminary training period, they 
remained in good condition as shown by their speed; and the 
incentive was equal, so tar as could he judged liom the* lac.t, that 
they never had enough food to satisfy them. 

The criterion of satisfactory conditioning was eight correct 
choices out of ten trials on each of three consecutive days; but 
if this criterion was reached before the twelfth day, the t-t.lining 
was continued until that day. Tims, in the first, pait ol. the 
experiment the minimum number of trials given to any rat was 
120. Many rats failed to meet the criterion within twelve days. 

After the. criterion had been met, it was assumed that, the 
white compartment, had become a. conditioned stimulus to the 
food-seeking response and that its reward value' might then be 
tested. 

In addition to the experimental group proper, two control 
groups were needed. Up to this time no division had l>een made, 
all rats alike having been subjeeted to (he process of conditioning 
just described. An effort was made to divide them now so that, 
the three groups should lie composed of rats possessing equally 
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good records on the discrimination box. It was often convenient, 
however, to assign rats to their groups before they had met the 
criterion of learning, and their performance after assignment 
sometimes proved to be better or worse than had been anticipated. 
In consequence, the group scores for the discrimination box are 
not exactly equal. However, since the correlation between box 
scores and maze scores is extremely low (in the case of Group 
II, .17; in the case of Group III, .09), 10 box scores cannot be 
taken as indices of ability to learn the maze, and therefore small 
differences between the groups in ability to learn the box may 
safely be ignored. An effort was also made to divide litters 
evenly among the three groups. At one period, however, 15 rats 
in the experimental group were being run alone and no rats from 
the litters used in this period are to be found in the other groups. 


Experimental Group 
(Group I) 

For the first eight days these rats were given one trial a day 
in the maze without reward. When they finished running the 
maze they found only a plain unfamiliar end box. Here they 
were kept for thirty seconds, at the end of which they were 
returned to the living cage. Not less than two hours later, they 
received their daily portion of food by running ten times in the 
discrimination box. 

On the ninth day the real test began. The conditioned stimu¬ 
lus—namely, the discrimination box, in every respect unaltered 
except that the food dish was empty—was introduced at the end 
of the maze. Since the conditioned stimulus was not reinforced 
for this one trial a day, various precautions were taken lest the 
response become weakened. In the first place these unreinforced 
trials were separated by an interval of twenty-four hours. Such 
an interval of rest in itself is usually sufficient in the case of the 


10 See Appendix B. 
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conditioned salivary reflex to restore the response. 11 Also, the 
ten customary trials in the box with food were given each day 
two hours after the masse was run. Finally, just before the rats 
were put in the maze, they were tested each day in the discrimina¬ 
tion box with reward to make sure that the response was in good 
working order, and not until they had made three consecutive 
correct choices were they put in the maze. 

The conditions under which the rats found the discrimination 
box at the end of the maze were made as similar as possible to 
those in the regular discrimination trials. The discrimination 
box was, of course, in a different position in the room, since for 
the regular discrimination trials it was on a low table, while for 
the maze trials it was placed on the floor immediately end to end 
with the end box of the maze. The rat, however, was taken out of 
the end box of the maze and put into the discrimination box by 
hand, for it was thought that the handling might have become 
part of the conditioned stimulus. That, is, the rat, having reached 
the end box of the maze, was lifted into the starting box of the 
discrimination box; the door of the latter was then opened and 
the choice of the black or white alley was presented as usual. 
With the discrimination box at the end of the maze, the rats of 
this group were given fiiteeii trials, making, with the preceding 
eight trials with only the plain end box of the maze, a total of 
twenty-three trials. 


Non-Kkwaiu) Contuoi, Group 
((iroup 11) 

These rats had been through tin* same conditioning process as 
those of Group I. When they had met the criterion of learning 
for the discrimination box, they were given one trial a day in the 
maze without reward. This was continued lor fitteen days. It 
will be seen that Group II were treated throughout, the fifteen 
days just as Group I were treated for the first eight, days. Alter 

u Pavlov, Ivan, Condituuu-il Iteflrjvx, tnimdatimi l>y <1. V. Anrop; 

Oxford University Pross (U>27), p, 5H. 
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running the maze, they were kept for thirty seconds in the end 
box of the maze. They were then returned to their cages and 
were fed not less than two hours later, when they received food 
during their ten trials in the discrimination box. 


Reward Control Group 
(Group III) 

Like all the others, these animals had been given the pre¬ 
liminary conditioning. Now they were given one trial a day in 
the maze, preceded by a test series in the discrimination box last¬ 
ing until three consecutive correct choices were made. They ran 
the maze, finishing in the plain end box from which they were 
lifted into the discrimination box. Here they made their choice 
and received food. After eating for thirty seconds they were 
returned to their cages and not less than two hours afterward 
received their daily food in the discrimination box. It will be 
observed that they were treated throughout exactly as the rats of 
Group I were after the eighth day in the maze, except that they 
always actually obtained food in the discrimination box. 

A criterion of error similar to that adopted for the dis¬ 
crimination box was adopted for the maze, an entrance of body 
length into a blind alley constituting an error. The time required 
to run the maze was taken with a stop-watch. 


Outline-Summary of the Procedure 

A. Preliminary conditioning given to all groups. 

Ten trials a day in the discrimination box for 120 trials or until 
8 out of 10 1 choices were made correctly for three consecutive days. 

B. Experimental period. 

Group I. Experimental Group. 

<j. From the first to eighth day inclusive. 

1 . One trial a day in the maze without reward of any sort. 

2. Not less than two hours after running the maze, ten trials in 
the discrimination box, when daily food was obtained. 
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h Fr om the ninth to twenty-third day inclusive. 

1 Trials in discriminat ion box with food until three consecutive 
correct choices wore made, immediately followed by 

0 Q ne i n the maze with the discrimination box, without 

food, given at the oml of the maze as reward. 

3 Not less than two hours after running the maze, ten trials in 
the discrimination box, when daily food was obtained. 

Group II. Non-Reward Control Croup. 

a. From the first to fifteenth day inclusive. 

1 One trial a day in the maze without reward of any sort. 

2* Not less than* two hours after running the maze, ten trials in 
the discrimination box, when daily food was obtained. 

Group III. Food Control Croup. 

a. From the first to fifteenth day inclusive. 

1 Trials in the discrimination box wilh food until three consecu¬ 
tive correct choices won' made, immediately followed by 

o Q no tr i a i h) the maze with the discrimination how, with food , 
given as a reward at the end. 

3, Not less than two hours after running the maze, ten trials in 
the discrimination box, when daily food was obtained. 


RESULTS 

HI into it Scours in Mazk 

The interest centers in the results obtained for the maze. 
Table 1 gives the mean number of errors for each day, with the 
sigma of the distribution and the sigma ol the mean, Higuie 3 
is a graph of the means. It will he seen that Group l II, the food 
control group, learns the maze in the usual fashion; Group II, 
the non-reward control group, improves a great, deal, hut reaches 
a level on the ninth day, after which no improvement occurs—a 
level above that of the food control group; Group I is similar to 
the non-reward group up to and ineluding the ninth day, having, 
if anything, a somewhat higher average number ol errors. On 
the ninth day, it will bo remembered, the conditioned stimulus 
(the discrimination box) was introduced as a reward at the end 
of the maze. The result: appears in the decreased number of 
errors from the eleventh day to the sixteenth. This improved 



42 University of California I'uhltrahons m Psychology ( Vql.4 


performance does not last, however, for errors begin to appear 
once more until on the last few trials the level of Group \\ i s 
again reached. 

How reliable are these differences bet ween f lie groups J Table 
2 shows the differences between the means of the three groups 
for successive days, and the critical ratios of these differences. 



A comparison of Groups l and I! reveal* only insignificant 
differences for the first eleven days, hut a difference as large m 
that found on the twelfth day would wear by ehunee only 52 
times m 10,000. A similar comparison made for Groups l and HI 
shows significant differences from the fourth until the eleventh 
day; that is, such differences would seldom oeeitr by efutnee if no 
real difference existed, <hi the tdeventh day the difference 
becomes much smaller, bung obtainable by ehunee as often an 
1,660 times in 10,(MKl On the thirteenth day Group I actually 
performs better than Group III, IHlTemiees as targe as those 
found between Groups II and tit after the fourth day would 
very seldom be found by ehance. 
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In summary, we may say that up to the twelfth day Group I 
is not clearly different from Group II and is clearly different 
from Group III. For days 12, 13, 14, and 15, these relations are 
reversed: Group I is clearly different from Group II and is not 
different from Group III. 

The same results are shown more plainly by composite scores 
based on the total number of errors for the four days which pre¬ 
cede the introduction of the reward, i.e., days 6, 7, 8, and 9, as 
compared with scores based on the total number of errors made 
on days 12, 13, 14, and 15. These scores follow. 


Total Number of Errors Per Bat for Days 6, 7, 8, and 9 



Mean 

tr 

% 

Group I. 

. 11.84 

5.43 

1.09 

Group II. 

. 10.04 

5.69 

1.14 

Group III. 

5.40 

3.75 

.75 

Means of Groups Compared 




Difference <r 

difference 

C.R. 

Group I minus Group II. 

1.80 

1.58 

1.13 

Group I minus Group III. 

6.44 

1.32 

4.88 

Group II minus Group III. 

4.64 

1.37 

3.39 


If no real differences existed, a difference as large as that 
found between Groups I and II would occur by chance 1,282 
times in 10,000, and one as large as that between I and III would 
occur by chance only .034 times in 10,000. 

Now let us look at the comparable scores for days 12, 13, 14, 
and 15. 

Total. Number of Errors Per Rat Made on Days 12, 13, 14, ant 15 



Mean 

tr 


Group I. 

3.60 

3.21 

.64 

Group II. 

8.08 

6.63 

1.33 

Group III...!. 

2.96 

2.65 

.53 

Means, of Groups Compared 




Difference a 

difference 

C. R. 

Group II minus Group I. 

4.48 

1.47 

3.05 

Group I minus Group III. 

.64 

.83 

.77 

Group II minus Group III. 

5.12 

.143 

3.59 
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If no real difference existed between these groups, a difference 
as large as that found between Groups I and II would occur by 
chance 12 times in 10,000; and one as large as that between 
Groups I and III, 2,206 times in 10,000. 

From these data it is plain that in the period during which 
no reward was given, Group I is not significantly different from 
the non-reward control, but that after the conditioned stimulus is 
introduced it becomes significantly different from the non-reward 
group and indistinguishable from the food group. 

Furthermore, analysis shows that the drop in the scores of 
Group I for days 12, 13, 14, and 15 as compared with days 6, 7, 
8, and 9 is significantly greater than the drop in the same period 
for Group II. 


Drop m Scores, for Days 12, 13, 14, and 15, 
Days. 6, 7, 8, and 9 

as Compared with 


Mean 

<r 

% 

Group I.. 
Group II 

. 8.24 

. 2.00 

5.89 

7.36 

1.18 

1.47 


Mean's Compared 




Difference 

or difference 

C.R. 

Group I minus Group II. 6.24 

1.88 

3.32 

In terms of probability, this means that a drop as great as 
that found in Group I could occur by chance in Group II only 


4.8 times in 10,000. 

We have seen that the drop in the learning curve of Group I 
is a significant drop. We may now ask whether the subsequent 
rise is a significant rise. If we compare the total number of 
errors which Group I makes on days 20, 21, 22, and 23 with the 
total number of errors which it makes on days 12, 13, 14, and 
15, we shall have an answer to this question. 


Number, op Errors Made by Group I on Days. 20, 21, 22, and 23 


<r o’m 


Group I. 


Mean 

7.60 


4.99 


.999 
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MEAN'S C\)MPA,UKa> 

Difference a difference C. R, 

Group I on days 20, 21, 22, and 23, 
minus Group I on days 12, Id, 

14, and 15. 4.00 1.14 3.52 

Group I would change this much by chance 2.3 times in 
10 000. If the sigma of the difference between the records of 
Group I at the two different times be corrected on the basis of 
the correlation of these two records (.79) by the formula 

tr Diff. = ^Mx “f - ff My e’Mx ff Myi 

it decreases to .60. This makes the critical ratio 6.6(5, and the 
probability that such an increase in number of errors would 
occur by chance is considerably less than .003 in 10,000. 


Time Scores in the Mask 

Time scores are probably ambiguous 12 but it; was thought 
worth while to calculate averages (table 3) and to plot a. curve 
(fig. 4) for the successive days. Those tell the same story as the 
record of errors. ‘Group I and II are much alike until the intro¬ 
duction of the reward, when I diverges from II and becomes like 
III for a few days. It does not maintain its record at, the level 
of Group III, however, but. tends to rise 1 again to its own old level. 

Let us analyze the composite time scores for days 12, 13, 14, 
and 15. 

Tcitau Timm I'kh Hat tor Days 12, l.'i, I t, ani> 15 


Mtmn * 

Group!...125.24 53 80 10.76 

Group II......... .. 301,00 372,92 74.53 

Group III...... .... 128.K4 57.70 U.54 

MeaNK or (IKOUPH ( JOM PAUEU 

tUfTorenrd C. R. 

Group II minus Group L, ....170,30 75.34 2,34 

Group I minus Group III.. .... 3.<50 15.77 .23 

Group 11 minus (1 roup III. 172.76 75.46 2.29 


J^Tolmau, M O., and Nyawaudor, D, H., RcdifiUilUy and Validity 

of Mazo Moasuros for Rats, ’ ’ Journal of Comparative Cnyrholopy, 5 (1925) : 
407-415. 
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A difference as large as that found between Groups I and II 
would occur by chance, if no real difference existed, 96 out of 
10,000 times. Group I is better than Group III, although 
unreliably so, since a difference as great as this would occur 4,090 
times in 10,000 by chance. It is noticeable that the sigmas vary 
far more than the means. The sigma, of the non-reward group is 
five or six times that of either of the other two. 



Fig. 4. Mean, time scores for successive days. 


Supplementary Records of Scores Made on the 
Discrimination Box 

In order to interpret these results it is desirable to know how 
the groups compare with one another in the number of errors 
made in the discrimination box in the ten daily trials for the 
period during which the maze was being run. We find no signifi¬ 
cant differences. The critical ratios of such differences as 
occurred in the total number of errors made, and the number of 
times in 10,000 that such differences would be obtained by 
chance, if no real differences existed, follow: 
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Group I minus Group II*"* 
Group I minus Group HI.. 
Group II minus Group III 


C. R. Probability 

.34 3669 

.66 2546 

.33 3707 


Table 4 shows the average number of errors made in the test 
series in the discrimination box immediately before running the 
maze. Here Group I appears, if anything, slightly superior to 
Group III. Since this difference can easily be explained by the 
fact that Group I has had nine more days of training in the dis¬ 
crimination box, it seems unnecessary to discuss its significance. 

Table 5 shows the total number of errors made by Groups I 
and III in the box when it was entered at the end of the maze. 
Sigmas were calculated by the formula, <r--~ V Nl’Q , 18 
With the use of these sigmas, critical ratios of the. existing 
differences were found. These appear with their interpretation 
in terms of probability in the table. The differences found for 
the first few days might easily occur by chance. However, they 
increase until such differences as those found for the last few 
days would almost never occur by chance. Group III has 
eliminated all errors, while Group I makes more than in the first 
trials. 

These three series of scores show that there was no general 
breakdown of the discrimination habit even in Group I, which 
found no food in the box at the end of Ihe maze. The habit was 
weakened only when the box was in this specific, setting, and not 
in the daily trials in the box by itself, when food was obtained. 


GGNGLUSION 

The assumption of this experiment, was that when the rat, in 
the discrimination trials in the box alone, had learned to take the 
white path to food, a part, of the situation, afforded presumably 
by the white compartment, had become a “conditioned stimulus.” 
The principal question was: Has a “conditioned stimulus,” thus 

is Yule, C. U., An Introduction to I hi Theory of Statistic* (1922), 
pp. 254 ff. 
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defined, also tlie reward value of food? The principal results 
indicate that it has this value. That is, the animal will learn to 
traverse a maze for the sake of the white compartment alone, 
with an alacrity as great as that evinced for the sake of food 
itself. On the other -hand, the conditioned stimulus rapidly loses 
this reward value when, in the problem-situation, there is no 
reinforcement by the unconditioned stimulus, i.e., when the white 
compartment is regularly found empty at the end of the maze. 
Now, the supplementary figures adduced in the last section con¬ 
tribute to the demonstration by indicating that the loss of reward 
value is, in turn, concurrent with the loss of just that character 
which originally identified our ‘ 1 conditioned stimulus. ’ ’ That is, 
those animals which ceased to run the maze efficiently for the 
sake of the (empty) white compartment, ceased concomitantly 
to make, in the box, when they had reached it through the maze, 
the reaction appropriate to the white compartment as representa¬ 
tive of food. Finally, however, we find that this result does not 
mean a failure of discrimination, but the achievement of a new 
discrimination. This is shown by the fact that the very rats 
which had repeatedly found the box empty at the maze-end, and 
had finally learned not to exert themselves to reach it, and not to 
treat it as a veritable food box when it was reached, indicated 
by their continued infallibility in the daily discrimination trials 
in the box alone, with food but without the maze, that the box 
in the one situation is to them a different thing from the box 
in the other situation. 

1. The conditioned stimulus has, for a time, a reward value 
equal to that of the (unconditioned) stimulus itself. 

2. It very soon loses this value in a given setting, if it is not 
reinforced by the unconditioned stimulus. 

3. Its loss of reward value, however, is concomitant with a loss 
of, or change in, its character as a conditioned stimulus. 
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APPENDIX A 

In a preliminary experiment the learning- method of measur¬ 
ing drives was employed. Fifteen rats, conditioned exactly as 
were those in the main experiment, were run in the maze, receiv¬ 
ing the conditioned stimulus as a reward from the first day. The 
number of rats was too small to give reliable results, but there is 
no indication that any real differences exist between these rats 
and the non-reward control group. At no day or group of days 
does the group of rats which had the conditioned stimulus as 
reward surpass the non-reward group significantly. 

These results are regarded as corroborative of the results 
obtained in the main experiment rather than as contradictory. 
There is no improvement as compared with the non-reward group 
because concurrently with the learning of the maze, the box at 
the end of the maze, and empty, has become distinguished from 
the box by itself, and when containing food. 


APPENDIX B 

An interesting by-product of this experiment is the correla¬ 
tion between the scores made in the discrimination box and those 
made in the maze. Calculations were made only for Groups II 
and III, since for Group I conditions did not remain constant 
throughout the experimental period. These two groups were run 
for different rewards, so the calculations are made for each 
separately. 

First it was necessary to know the reliabilities of the box and 
of the maze. The reliability of the box was found by correlating 
the scores made on odd-numbered days with those made on even- 
numbered days, including days 3 to 26. The reliability for each 
of the two groups was the same, i.e., .93 + .027 (corrected by the 
Brown-Spearman formula, .96). 
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The reliability for the maze was oom|>uted by correlating 
scores made on odd-numbered days with those made « n even- 
numbered days, includin'*: days 2 to Id. The same coefficient of 
correlation, i.e., -7<> j .075 (corrected by the Brown-Spearman 
formula, .88), was strain found for each group. 

The correlation between the box and the maze was ioundby 
correlating the total number of errors made in the box between 
days 11 to 2(1 inclusive, with the total number of errors made in 
the maze between days 2 to 15 inclusive. 1 n the case of (iroup II 
the correlation was .1(1 ; .11*. When this was corrected for 
attenuation it lieeame .17. The correlation tor (Iroup III was 
.08 -f .20. When corrected it was .01*. 

In other words, practically no corn hit ion was obtained 
between discrimination box and mn:< in spih of the fact that 
each in itself seems to hare been a very reliable instrument. 
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TABLE 1 

Error Scores tor Sikhibksive Bays 


Days 

Moan 

(Sroup I 

a 


1 

6.96 

1 .78 

.36 

2 

6.16 

1.66 

.33 

3 

4.36 

2.06 

.41 

4 

2.84 

1.64 

,33 

5 

3.28 

1.66 

,33 

6 

3.24 

2.39 

.48 

7 

2.92 

1.96 

.39 

8 

3.00 

1.94 

.39 

9 

2.72 

1.95 

.39 

10 

2.68 

2.22 

.44 

11 

1.56 

2.77 

.55 

12 

1.04 

1.11 

.22 

13 

.56 

.70 

.14 

14 

.96 

1.56 

.31 

15 

1.04 

1.17 

,23 

16 

1.12 

1 .03 

.21 

17 

1.36 

2,02 

.44 

18 

1.40 

1 .50 

.30 

19 

1.76 

1.90 

.38 

20 

1.80 

l .88 

.38 

21 

1.64 

l .65 

,33 

22 

1.88 

1.63 

.33 

23 

2.24 

i .79 

.36 




Group 11 



Group III 


Days 

Moan 

9 

9 m 

Moan 

9 


1 

6.68 

l 54 

.31 

6,52 

1.53 

.31 

2 

5.84 

2.<X) 

.40 

5.48 

2.06 

.41 

3 

4.72 

2.13 

,43 

4.00 

1.98 

.40 

4 

3.28 

1.70 

.34 

2,00 

1.80 

.36 

5 

3.00 

2.17 

.43 

1.88 

1.98 

.40 

6 

2.32 

1.91 

.38 

1.60 

i .30 

.26 

7 

.36 

1.65 

.33 

1,52 

1.60 

.32 

8 

3.00 

2.43 

.49 

1,28 

1.15 

.23 

9 

2.40 

2,32 

46 

1.00 

1.02 

.20 

10 

2.12 

1.53 

.31 

.84 

,92 

.18 

11 

1.96 

1.48 

.30 

1 .00 

.89 

.18 

12 

1.96 

1.43 

,29 

.60 

,85 

.17 

13 

2.00 

2.33 

,47 

.88 

1.03 

,21 

14 

2.12 

1.56 

.31 

.52 

,81 

.16 

15 

2.00 

2.35 

47 

.96 

1.56 

.31 
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TABLE 2 

DlPFWRBNOKR BhTWKRN MKA.KK Ft«i SOlVtfiWlVtt lUYS, WITH ('KlTUWl, RATIOS 


Days 

Group II l 

( irimp i HI 

l 

Group 

n in 


PitTmoico 

<\ it. 

Difforouw 

r H. 


<\ k. 

1 

,2S 

.59 

. 

,44 

02 

.16 

.36 

2 

,32 

.62 

flK 

i 2H 

,36 

.63 

3 

-.36 

.61 

36 

63 

72 

1.22 

4 

-.44 

.94 

.84 

l 71 

1 28 

2.61 

5 

-.28 

.52 

1 40 

2 60 

1 12 

1.90 

6 

-.92 

1.51 

1 64 

2 OS 

72 

1.59 

7 

- .56 

1.10 

1.40 

2 HO 

84 

1.83 

8 

0.00 

t) .00 

l 72 

3 10 

I 72 

3,19 

9 

- .32 

.53 

i 72 

3 01 

I 40 

2.80 

10 

- .56 

1 04 

i 84 

3 83 

1 ,28 

3,67 

11 

.40 

.64 

.50 

07 

,96 I 

2,74 

12 

.92 

2.56 

44 

1 57 

i 36 

4.00 

13 

1.44 

2.94 

,32 

- • 1 24 

1 12 

2,20 

14 

1.06 

2.50 

.44 

i 33 

i 00 

4,85 

15 

.96 

1.85 

,08 

20 

1 04 

2,21 
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TABIVK 3 


Mean Time Scorks on Maze kir Sikvbksivk Dave 


Days 

Group I, 
Timo 
in hocoiuIh 

1 

130.32 

2 ‘ 

05.24 

3 

02.52 

4 

50, 82 

5 

07.92 

6 

70.40 

7 

05.30 

8 

70. 50 

9 

50.68 

10 

73.20 

11 

41.16 

12 

32.20 ; 

13 

28,84 

14 

33.00 

n 

30 80 

16 

37,90 

17 

44,04 

18 

80,50 

19 

55,80 

20 

40,60 

21 

53, 20 

22 

45 40 

23 

54,30 


Group U, 
Titm* 
in ruM'otuls 

Group III, 
Time 
in hocoxuIh 

124.28 

173.24 

111.72 

122,00 

104 04 

04. 12 

84 44 

48,80 

50 80 

43,28 

01,12 

40.80 

Hi 24 

45,84 

SO 08 

42,32 

07, 10 

37,08 

50,52 

38,92 

00 08 

39,72 

04 44 

33,90 

HO 88 

31.00 

84 62 

28,88 

92, 48 

34 20 


53 
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T.VIihK I 

Average. Num unit <»f Bkkoks M \w is Box in Tiuals l mmewately 

PliKCEWNO MAZE ItONN'INO 


Ihiym Or»mp I * Urmtp HI 


I 

i 24 j 

05 

2 

2K 

.55 

3 

24 

35 

4 

52 j 

25 

f> 

JO 

20 

6 

20 j 

24 

7 

24 ; 

45 

8 

IB 1 

20 

It 

0 00 

20 

10 

04 ! 

40 

11 

40 

55 

12 

0 00 

25 

13 

IB ! 

15 

14 

04 

15 

13 

oh ; 

; 2* 1 
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TAULK T> 

M„ u «™ OP KRKOHS M.M.K. IN' BOX AT KSI> OK MaJIB 


Days 


Group I 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


8 

4 

6 

4 

5 
3 
5 

5 
8 

6 
7 
11 
9 
7 
11 


Group HI 


5 

2 

0 

0 

1 

1 

0 

2 

1 

I 

0 

0 

0 

0 


v n 


Probabilities 
of tindinp; such 
differences by chance 


M 
,117 
1 58 
2 15 
2,50 
1 05 

1 79 

2 50 
2,22 
2,13 

2 45 
4,40 
2,92 

3 U 

4 40 


1635 in 10,000 
3557 
570 
154 
02 
1409 
307 
02 
132 
100 
71 

,034- 

17 

9 

. 034 - 
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AH EXPERIMENTAL STUDY OF THE RAT’S 
“INSIGHT” WITHIN A SPATIAL COMPLEX' 


BY 

HSIAO HUNG HSIAO 


The concept “Einsicht” (translatable into English as insight 
or intelligence) has been applied by W. Kohler (1927) to the 
animal’s act or ability of grasping “a material, inner relation 
of two things to each other. ’ ’ Since the publication of his experi¬ 
ments on chimpanzees, a number of studies have been made m 
connection with the problem of insight-learning. These have 
been well summarized by E. C. Tolman (1927) up to the end of 

the year 1927. . 

In very few of these studies have rats been used as subjects, 

and those that have been concerned with the “insight” of rats 

Tiavp vi elded conflicting results. 


GENERAL PROCEDURE 

The apparatus used in this investigation was a special type 
of maze, the ground-plan of which is shown in figure 1. E t an 
E„ represent alternative entrances. When the starting-box was 
placed at Ex, E n was closed, and when it was placed at E It , Ex 

was closed. 


D Do Do, D' s , F s , and F c are doors made of wire mesh. 
Theylang from the top and swing only in the directions indi¬ 
cated by the small arrows. They are manipulated by the rat 

itself 

The maze presents three alternative routes to food (irrespec¬ 
tive of whether the entrance is at Ex or E n ). The first route, 

i This work was done in the b? 1 ?. °Tolinaii for both 
of California. The writer is indebt 2e and for his encourage- 

the ma2e “ d the principles ° f the 

■procedure have been worked out. 
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Ru starts from the entrance (cither E, or E„) and thence goes 
via I), and F, to food. The second route, K,„ starts from the 
entrance and thence goes via I).., and F, to food. The third 
route . It... starts from the entrance and goes via I),, I)'.., a!1( i p 
to food. '* 

It will he note<l that routes K, and Ik, (converge into a final 
common path, viz., a part of the section between I), and D... and 
the common door F, leading from this section into the food 
compartment. The purpose of the experiment teas to discover 
irhetln r or not the rat could acquire insiyht into the fact of 



Fig. 1 


this final common path so that, if this final path should be made 
"had" by the locking of , the rat, haring reached it by H t 
and returning out of h\, mould not then attempt to go to food 
l>a h . i idthough he httd pet vioust it built up a veri/ stronif pro¬ 
fit n sit y to choose It.). 

The genera! procedure adopted for testing for such insight 
may he outlined as follows: 

1. Each rat was first given a brief preliminary exercise in 
learning to manipulate doors of the type of I),, I).,, I) ;! , I)'.,, F,„ 
and F... in a simple “straight away ” containing three such doors. 
»This “straightaway,” having its own starting- and food-boxes, 
lay alongside the maze proper, If is not shown in flu* figure.) 

-• Each rat was then subjected to a series of training trials 
in the maze proper. 

a. tin any given training trial two of the three doors 
I),, 1).,. and I), were locked and the other one was left un¬ 
locked, In this way, the rat was forced in that trial to 
take (sooner or later t that one of the three routes corre¬ 
sponding to the unlocked door. 
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1). Tn general, the attempt was made to give, in this 
way/greater training on both H x md % Hum on Ii u , in 
order "to build up a strong propensity For both E t and It 
and only a weak one lor U ;r 

e. During these training trials the subsequent elmiees 
made by the rat upon retracin'! out of h\ or It., or It, wore 
recorded, in this way it was possible to observe and 
measure the extent to which, during the training trials, 
the rat had built up propensities, upon retracing, to go 
into E, or ll. or R ;l . 

(I. The arrangements and Froqueueies of training trials 
on the three routes were varied until an arrangement 
was finally Found whieh 1 with the eutranee of K u s gave, 
when the animals retraeed out ot K, i heeau.se 1 tlow hud 
found D, closed), a large proportion of* east-, in whieh 
they turned into Eami chose It, only as a last resort. 
;p Finally, each rat was given a series of test trials, 

a. In these test trials all three doors H* and D and 

I) a were unlocked,. 

b, In addition, door I), was made to .awing both wavs 
so that if the rat got into the final common seethm of E, 
and Ro (and Found F,. locked > he eunld retrare out again 
through I),. 

V, Finally, most important of all, door F, u;is locked. 

The purpose of these test trials, as was said, was to see if 
the rats, after taking E, For which, as a re udt of flic training 
trials, they had acquired a strong propmruU, and finding it 
locked, would then, on retracing out through l R and theuee 
back to the* starting point, show insight into th * " oumwon hod 
ness 79 of the final portions of IP and of h\, so that , nisi* ad of 
attempting to <jo into /f a , they wool it now go dirrtdlg to H :i , 
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Part I 

Tn the beginning of the training series the entrance was at 
Ei, so that IP was the shortest path, R, the next shortest, and R, 
the longest; and the original expectation was that the animals 
would in the training series build up the strongest propensity 
for IP, the next strongest for It,, and the weakest for R it 
was expected that, in the final test, they would first enter IP 
but, finding F,. locked, would retract' out of IP, and then, if they 
had no insight, turn next into R„ but, if they had insight, go 
directly to IP,. The training was originally arranged with this 
in mind, and it was as follows: first, 12 consecutive (rials on It, 
(i.e„ I), and F,. unlocked, IP and IP locked!; second, 17 con¬ 
secutive trials on IP (IP and F,. unlocked, D, and I),, locked); 
third, 16 consecutive trials on R,, (I), anti 1),, locked, bid T),„ IP., 
and F : , unlocked). 

After this amount, of training, an analysis was made of the 
results in order to see what propensities were actually appearing. 
The results of this analysis are shown in tables 1, 2, and :i. The 
data are arranged in these tables so as to indicate which wav the 
animals tended to turn when retracing out of IP and when 
retracing out of It,. It appears from the tables that, in coming 
out ot IP, they showed a slightly stronger tendency to go to 
Ik, than to R,. It was telf that, under these conditions, the final 
test would not be crucial, for the propensity to go to R, was not. 
strong enough to make sure that, if in the test they failed to 
take R,, it was because of real insight. 

A change in the training procedure was therefore made. The 
entrance to Ihe maze was shifted from F, to H„, Thus R, was 
made the shortest path and IP the next shortest. Now it was 
expected that the strongest propensity would be for R.„ the 
next strongest for IP, and the weakest again for IP. Ruder 
such conditions, the test of insight would be to see whether the 
animals, in retracing out of R, after finding F,. locked, would 
go directly to IP, without bothering to try IP. In order, how- 
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ever, for such behavior in the test to give definite evidence of 
insight, it would be necessary to show that in the training, 
when it was 13, and not F c that vas locked, the animals had 
shown a strong propensity, upon retracing out of R lt to try B. 2 . 
Tables 1, 2, and 3 already show some tendency of this latter 
sort. It is to be noted, however, that, during the period of 
training on R 3 (table 2), this tendency was somewhat concealed 
by the fact that they were trained on R 3 before learning R 2 , 
and therefore would be less likely to go to the place where food 
had never as yet been found. This is clearly shown in table 4 
by the enormous difference in frequency between the entrances 
into R 2 during the first two days of training on R 3 and those 
during the following fifteen days. 

During the period of training with entrance at B n , each of 
the three routes was opened by turns, and rats were trained 
according to a predetermined series, in which R x and R 2 were 
opened twice and R 3 was opened once. One series of training 
was given on each day, and this was done for three successive 
days. The results of this training are given in table 5. There 
was now a very strong propensity upon coming out of R x to 
take R 2 . 

On the third day, immediately after the training period, 
three tests for insight were given. During the tests, F c was 
fastened shut, and D 2 was made openable in both directions; 
but the doors for the other two routes remained in the same 
condition as before. 

The results of these tests may be stated as follows: In the 
first test, rats I and V went directly from R, to R 3 ; IV, after 
coming out of D,, stopped for a while at the opening of R»; II, 
III, VI, and VII actually entered D„ after coming out of D„ 
but finding F c locked, made the circuit out through D, again 
and then went directly to R 3 . In the second test, rats I and VI 
went directly from D x to R 3 ; rat V entered R 2 directly from the 
entrance, and made the circuit from Dj to R 3 ; and the rest 
behaved in the same way as the majority did in the first test. 
In the third test, rats I and II peeped at D, when coming out 
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of and then went their way to the food box; rat III, coming 
out of D,, stopped for a while at the opening of R a before pro¬ 
ceeding to its destination; and all the rest went directly from 
D t to R a . 

These findings suggest the existence of something like insight 
as to the uselessness of 1L when F e is dosed. However, it seemed 
possible that the results might be due to chance. 

It occurred to the writer that a greater amount of alternate 
training on the three routes, or an increase of the distance 
between I), and 1) 2 , or an improvement of some other conditions, 
or all these things combined might increase such insight as 
might exist and consequently enhance the certainty with which 
the results could be interpreted. 


Part II 

Therefore, for the purpose of testing the findings, another 
experiment with three new rats (1, 2, and 2 respectively) was 
undertaken. In this experiment the only change that was made 
in the maze was to increase the distance of I), and I>. 5 from the 
common food door (IV)- Figure 1 as drawn indicates this later 
arrangement). As in the former ease, the rats were first taught 
the trick of pushing doors in a Vsiraight-awayV They then 
went through a period of alternate training on the three routes 
with the entrance at Kn- Tin* training series was R„, It,, IP, R,, 
Ii 2 , and repeated, and this was given on each day for twenty- 
nine days. 

Tin 1 detailed behavior during this training is presented in 
tables 6, 7, and S. In these tables the numbers refer to the 
numbers of the routes entered ; and those that art* primed denote 
the doors at which the rats hesitated before entering. In table 9, 
the same facts an* shown in a summarized form. Item I> in¬ 
cludes cases in which rats took IL, but did not go so far as the 
door, IX,, as well as those in which rats reaehed Iwhereas item 
0 excludes eases of tin* former sort. 
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Tables 10 and 11 and Behavior Graph 1 show the results of 
the test. In table 11 the cases in which there were direct 
entries to R 2 from the entrance E n are excluded, on the assump¬ 
tion that such entries would be likely to diminish the tendency 
of the rat to re-enter R 2 and therefore it w r ould be unsafe to 
regard such failures to re-enter as indicative of the existence of 
the spatial insight that was being tested. 
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Fig. 2. Behavior Graph. 

□ = pushing without entering. 

A = peeping. 

O = turning before reaching the door. 

X = hesitating. 

Comparing tables 10 and 11 with table 9, one will find that 
there is an enormous difference, in terms of percentage, between 
the frequencies of entries to R> during the period of training 
and during the test. 

Finally, it is inferred that this difference is unexplainable 
in any terms other than those of insight, and for the following 
reasons: 

1. This preponderance of direct runnings from to R 3 
cannot be accounted for by the distance to food, for R, 3 is 
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evidently longer than R 2 ; nor by frequency, for there had been 
a much greater amount of training on R 2 than on R 3 nor by 
recency, for, according to the order of training in the alternate 
series, R s was less recent than R 2 . 

2. It seems difficult to regard such responses merely as 
natural responses, for the rats’ original preference is evidently 
for R 2 rather than for R 3 . 

3. The direct runnings from R x to R 3 cannot be looked upon 
as habitual responses to the situation of D, being closed, for the 
results given in tables 1, 3, 4, 5, 6, 7, 8, and 9 clearly show this 
to be far from the case. 

SUGGESTIONS 

As this experiment is intended merely to determine the possi¬ 
bility of cultivating a specific kind of insight in the rat, the 
findings can serve only as preliminary to problems of insight¬ 
learning which may be formulated. Even in connection with 
this simple maze, the total problem, the writer believes, will not 
be adequately attacked until the relationship between the dif¬ 
ficulty of cultivating insight and each of the following factors 
has been separately and carefully studied. 

1. The order of alternation of training on the three routes. 

2. The distance of J) t and D 2 from the food door. 

3. Variations in the direction of R>. 

4. Variations in the distance between and R. 

5. Variations in the distance between R and E ;i - 

6. Changing the entrance to a position to the left of 3^. 

7. Increasing the number of doors or other obstructions in R 3 . 
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TABLE 1 

The Behavior of Animals in the Course; of Training on R* 
with Entrance at E r 


Rat 

I 

II 

III 

IV 

V 

VI 

VII 

A . Number of returns from B2 into 








either Ri or R3. 

12 

5 

5 

15 

9 

9 

10 

B. Number of returns from B2 to 








Rs. 

8 

2 

3 

9 

5 

5 

6 

B in percentage of A ... 

67 

40 

60 

60 

56 

56 

60 

C. Number of returns from Bi into 








either R 2 or R 3 . 

5 

0 

0 

3 

2 

1 

0 

D. Number of returns from Bi to 








R2. 

3 

0 

0 

3 

2 

1 

0 

D in percentage of C . 

60 



100 

100 

100 







TABLE 2 

The Behavior of Animals in the Course of Training on R 3 
with Entrance, at Ex 


Rat 

I 

II 

III 

IV 

V 

VI 

VII 

A . Number of returns from E 2 into 
either Ri or B 3 . 

13 

20 

11 

10 

t 

11 

8 

7 

B. Number of returns from K 2 to 








R 3 . 

4 

13 

7 

5 

6 

4 

4 

B in percentage of A. 

31 

65 

64 

50 

55 

50 

57 

C. Number of returns from Ri into 








either R2 or R^. 

12 

13 

15 

11 

19 

16 

15 

D. Number of returns from Ri to 








Ri!. 

9 

13 

6 

6 

7 

5 

4 

D in percentage of C . 

75 

100 

40 

55 

37 

31 

27 
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TABLE 3 

The Behavior op Animate in the Course of Training on B, 
with Entrance at E t 


Hat 

I 

II 

III 

IV 

V 

VI 

vn 

A . Number of returns from Hi.. 

2 

2 i 

5 

2 

1 

6 

10 

B . Number of returns from Hi to 

Ra..... 

0 

2 

2 

2 

l 

6 

7 

B in percentage of *4.j 

0 

UK) 

40 

100 

100 

100 

70 


TABLE 4 

The Behavior of Animals in the Course of Training on R, s 
with Kntrance at Kj 


KutwT Two I) \\n 


Hat 

I 

n 

in 

IV 

V 

VI 

A. Number of returns from lR to 
either R 2 or IL. ... . 

8 

7 

5 

6 

« 

4 

B, Number of returns from Hi to 
1L.. ....... .... 

8 

7 

5 

0 

5 

3 

B in percentage of A.. .... 

100 

‘ 100 

100 

1 1 

: 100 

83 

75 


Tin: Fou,mvjNti Kipi'kihs? Da\„s 


C. Number of returns from Ht into 
either Ka or Ra.. ...... , 

4 

6 

to 

5 

13 

12 

1). Number of returns from Hi to 
Hu. 

1 

6 

1 

0 

2 

2 

I) in percentage of ( 1 . 

25 

100 

10 

0 

15 

17 
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TABLE 5 

The Behavior op Animate in the Cohksk op Ai/pkknatk Traininu 

•WITH JOntranck AT M.I 


Rat 

A. Number of returns from 10. 

B. Number of returns from Hi to 

R2..... 

B in percentage of A.... . 


I 

n 

HI 

IV 

V 

V, 

vtt 

IS 

IS 


is 

20 

22 

19 

17 
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20 

10 
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IS 

94 

too 

111 

m 

HO 

m I 
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9o 


TABLB« 

Thk. Bkhavior oh Hat 1 in tuk Lohunh, or Ahtocnati: Thm n ino 

Order of rmittH* In the train} tut 


Day of 


training 

II 
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a 
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12 
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12 
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12 
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12 

29th. 
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TABLK 8 

The Behavior of Rat 3 in the Course of Alternate Training 



TAB'LK I! 


Behavior 

During the l 

‘KUIOD OF 

Training with H 

KEEREN’t 

V TO 1^ AM* t 


A. Number of 
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Hat 

tinu'M Ha wan 

li, Hut no; 
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! t 1 0* 
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to th 

• m*' *4 t 

1 

101 

100 

or;, 

If;! 

; oc. 

2 

103 

07 

9i'; 

02 

! m *; 

3 

IIS 

102 

so';;. 

HI I 

1 w; 



















70 University of California Publications in Psychology [Vol.4 


TABLE 10 



Behavior During 

the Test 

with Reek re 

NUE TO Ha 

AND D* 

Rat 

„-l. Number of 
times Ra was 
passed 

B. Entries 
to Ra 

B in percent¬ 
age of A 

Entries 
to Da 

0 in percent¬ 
age of A 

1 

14 

5 


4 

mi 

2 

10 

3 

:w ; 

0 

0 % 

3 

12 

4 


1 




—....... 



■ • 


TABLE 11 



Behavior During 

the Test 

WITH REFERENCE 

: to K*, 

AND D a 

... ’ 

A. Number of 





Rat 

times Ra was 

B, Entries 

H in percent - <\ 

Entries 

Tin percent¬ 


passed 

to Ra 

age of A 

t*» D; 

age of A 

1 

12 

4 

33 r ; 

3 

25 ^; 

2 

10 

3 

30' ; 

0 

0% 

3 

11 

3 

37' f 

1 
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THE GENETICS OE LEARNING ABILITY IN 

RATS 

PRELIMINARY REPORT 

BY 

EOBEET CHOATE TEYON 

(Contribution under a fellowship from the National Research Council) 

I. INTRODUCTION: THE PROBLEM 

To what degree are individual differences in mental ability 
(i.e., ability to learn) due to hereditary factors, and to what 
degree due to environmental factors! The experiment here 
reported relates to this fundamental question in psychology. The 
method adopted for solving the problem was that of holding 
environmental factors constant and observing the inheritance of 
differences in mental ability. Such a method, for obvious reasons, 
was possible only with animals. In this investigation the mental 
ability dealt with was that of rats, and it was measured by their 
ability to learn a 17-unit T-maze. 

Originally begun by Dr. E. C. Tolman in 1922, this inherit¬ 
ance problem gave preliminary results (Tolman, 1924) which, 
though encouraging, brought to light several subsidiary prob¬ 
lems that had to be solved first. These preliminary problems 
involved: an improvement of the measuring scale which would 
increase the objectivity and reliability of measurement and make 
possible a determination of its validity; the introduction of 
better experimental control of environmental variables; the 
securing of a heterogeneous random sample of rats as the initial 
population; and the development of a better selection criterion 
which would insure rapid effects from selective breeding but at 
the same time prevent biological deterioration from inbreeding. 
How these preliminary problems have been attacked will be 
described in section II. 
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A« initially formulated, the objective of the experiment was 
to establish by selective breeding Bright and Dull races of rats 
‘ 1 Mh ' liu, ‘ 3}, “ 4 * P- 2)- A further objective has since been added, 
namely he determination of the genetic mode of inheritance of 
this ability to learn. The second objective will be accomplished, 
i is believed, by applying the method used by geneticists in 
smhmg the inheritance of quantitative morphological char¬ 
acters, to-wit, by crossing the eventual “pure lines” and observ¬ 
ing the liehavior of strains derived from this cross. 
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II. EXPERIMENTAL PARTH’ULARH 

A. The Measuring Seale 

1. Objectivity of measurement.- The measuring instrument 
is a 17-unit T-maze through which the animals run once a day 
for 19 days, and the score is the total number of entrance* inf** 
blinds from days 2 to 19, inclusive. A revolving table on wlueh 
the animals live during the entire experimental period is used 
in connection with the maze. The use of this fable insure*, 
objectivity of handling the animals, for it automatically delivers 
each rat into the entrance of the maze and "collects" him at fh»* 
end without the mediation of the experimenter, objectivity of 
scoring is insured by the use of a deviee which automaticitlly 
records his path through the mazes A complete description of 
this mechanical device together with a plan of the firn/.e and 
experimental technique employed is fully set forth in a paper 
soon to appear (by Tolman, Tryon ami deUVe^s i, 

2. Reliability for differentiation individuals, < U\ the ».ngmal 
parental sample of 142 animals, a reliability coefficient above 
was found for total errors made in the 1M days of running, Kvhi 
for errors on runs for only 9 days at some stages of learning, the 
coefficient reached a magnitude of .90, This reliability of 
measurement compares favorably with the best mental tests for 
human beings. A full discussion of the reliability of this maze 
is given elsewhere (Tryon, 192S), 

3. Validity as a measure of ability la ft am 1 hi .nee if til*' 

automatic maze measured in ffeneral (lie same sort of iearmiijf 
ability as would be employed in (lie learning of other nut 
that is, to see if it measured some deep-seated adaptive eapneity 
in the animals, a second maze, ililferintr in design and operated 
under quite dissimilar experimental conditions frmn tho.e ..f th.. 
automatic maze, was utilized. The oriKinnl parental wimple wir. 
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run on this second maze after experiencing the first. The cor¬ 
relation (corrected for attenuation \ between three-day stages of 
learning on one maze ami three day stages on the other was in 
some oases, above .90, The raw correlation 1x4ween total per¬ 
formance on the automatic and on the second maze was in excess 
of .80. These correlations indicate that the automatic maze 
differentiated the animals in some general fundamental ability 
which is likewise employed in learning another maze. A dia¬ 
gram of both mazes anti it discussion of the community of func¬ 
tion measured by them is given elsewhere (Tryort, 1928 ), 


II. ExPKtitMUNTAh roNTKUti <»!*» Kn YtttON MUNTAO FaotoUS 

The animals art 1 housed in a specially constructed living room 
automatically heated so as to prevent extreme temperature varia¬ 
tion. They are bred in special breeding cages, their offspring 
numbered at weaning time. the siblings separated and distributed 
into cages whtoh eontuin, within practical limits, equal numbers 
of progeny of Bright and Bull parents. The purpose of this 
separation is to wipe out special environmental factors which 
might affect siblings similarly if the> were kept together. When 
the time comes to run the maze, each animal is placed alone in a 
special compartment in the revolving tabh\ and is not touched, 
except for weighing on days !, ,\ and IB, and during a special 
preliminary run of s days, This preliminary rim is designed 
to accpudiit the animals with the special features of the maze 
which might frighten them if they were mddenly introduced 
into the maze proper, ami tins practice is constant for all 
animals, i Hi tin* ninth day ami thereafter, each animal runs 
through the maze to his bom** compart meat, where fa* gets his 
only food and water for the day, Kegurding the control of 
sensory stimuli: the paths of the maze are illuminated by an 
indirect lighting s% stem; every effort has been made to insure 
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that no special sensory acuity may be utilized in running the 
maze; and the maze room is isolated from extraneous noises 
which might disturb the animals. 1 


C. The Original Parental Sample 
A primary requisite of this experiment was to secure an 
exceedingly heterogeneous sample of rats as the initial parental 
group. The object was to have present in this biological sample 
the whole range of rats 7 mental ability. To satisfy this demand, 
the individuals of the parental group were chosen from many 
litters, the parents of which were unrelated for many generations. 
That wide differences were actually obtained is indicated by the 
high magnitude of the reliability coefficient of this sample. 


D. The Selection Criteria for Breeders 

Success in establishing pure lines of Bright and Dull rats 
depends upon the degree of excellence of criteria by which, 
in any given generation, breeders are picked out that shall pro¬ 
duce progeny deviating to the greatest degree in the direction 
of their given parents. After selection through three genera¬ 
tions, the following criteria have been developed, and these are 
used in selecting breeders. 

1. Score on the learning scale .—The first consideration is the 
actual error score which the individual rat earns in running the 
maze. At first it was thought that a weighted score would be 

1 Whether the food incentive was sufficiently controlled has not as 
yet been fully determined. Animals of the same sex were fed the same 
quantity of food. If this procedure penalized the heavy animals and 
over-fed the lighter ones, then one would anticipate the existence of a 
correlation between initial weight or change in weight and maze per¬ 
formance. Though these correlations have not as yet been computed, 
superficial scanning of the records leads the writer to believe that such 
correlations, if not zero, are negligible. 

Certain other variables which were not controlled are: age at learn¬ 
ing (which varied between 7 5 days and one year), sex, and coat color. 
These variables have been measured, however, but correlations between 
them and maze-performance have not as yet been computed. General 
observation leads the writer to anticipate that these correlations, when 
computed, will be of small magnitude. 
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the best. This refined score was to be composed of the scores on 
successive stages of learning, each stage weighted roughly in 
proportion to its reliability and validity coefficients (Tryon, 
1928). It was found, however, that the successive stages of 
learning were “naturally” weighted according to these coeffi¬ 
cients, and that the raw total score was good as it stood, for the 
natural weights (sigmas) of the successive stages were roughly 
proportional to their respective coefficients. That the sum of 
the errors on 18 days is a good measure as it stands is further 
indicated by its high reliability and its correlation with the 
score on the second maze. 

2. “Kin-performance .”—Simple assortative mating was used 
at first in choosing mates to be the parents of the animals. 
Bright was bred with Bright, and Dull with Dull. While some 
difference between F x children of Bright and Dull appeared, it 
was not great, as will be shown later. The writings of Sewall 
Wright, Go wen, and others interested in the genetics of quanti¬ 
tative morphological characters then suggested to the writer the 
use of some modification of the breeders’ method called the 
“progeny test.” This test consists in gauging the genetic com¬ 
position of an individual by the performance of his progeny. 
But in this experiment, for many reasons, one generation is 
killed off before its progeny have been tested. A criterion of 
“kin-performance” was therefore devised, to-wit, the gauging 
of an individual’s genetic constitution (in addition to using the 
information which his own performance gives) by that of his kin, 
i.e., his siblings, step-siblings, parents, uncles and aunts, grand¬ 
parents, and more remote relatives. This criterion was used in 
selecting the parents of the F 2 . But its use is difficult; for if 
one has, say, 50 individuals to choose from as potential breeders, 
the total number of kinsmen is great. To facilitate the use of 
this criterion, the experimenter has recently devised and begun 
to use a graphical method which enables him to observe on one 
chart the performance of an animal’s litter-mates, step-sibs, 
cousins, and parents, and on other charts, the performance of 
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more remote ancestors. There is only one chart for each gen¬ 
eration. Incidentally, this chart at the same time shows the 
degree of inbreeding, and the fertility of the family from which 
each individual comes. 

3. Degree of inbreeding .—Inbreeding must be resorted to in 
order to hasten the production of animals homozygous for factors 
that produce brightness and dullness, but such inbreeding must 
not be so close as to permit piling up of homozygous cacogenic 
factors which produce characters that may be deleterious to the 
strain. The following method has been adopted: brother by sister 
matings comprise the parents roughly of half of a given genera¬ 
tion ; the other half of the parents are more remotely related. In 
the next generation, of those who are selected for breeders, the 
individuals whose fathers and mothers were siblings are mated 
with rats not their siblings, whereas, the individuals whose 
parents were not siblings are mated, if possible, with siblings. 
This method will produce a much more rapid degree of homo¬ 
zygosity for mental ability than for other characters which may 
be cacogenic, and hence will enable the experimenter to eliminate 
the deleterious factors before they may affect any large number 
of rats. 

4. Fertility .—Another requisite is the development of strains 
which are highly fertile. This is essential in order not only to be 
sure that a strain will perpetuate itself, but also in order to 
secure enough children of a given set of parents to enable the 
experimenter to gauge the genotypic make-up of the parents and 
of their offspring. Say that a given pair of parents by test are 
Bright, and all of their children by test are Bright also, then it is 
plausible to suppose that this family is to a fair degree homo¬ 
zygous for many of the factors underlying Brightness. On the 
other hand, say that a given pair of parents by test are Bright, 
but that their children vary over the whole scale of performance. 
Then it is plausible to suppose either that, while the parents 
had many factors for brightness, they were very heterozygous in 
this regard, hence the “spread” of their children, or that 
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environmental factors had operated to occasion a bright per¬ 
formance of genetically mediocre parents. As between these two 
families, parents of succeeding generations should obviously 
come from the first. But to make use of such data it is neces¬ 
sary to have large families. This demand is being satisfied in the 
following way: At the time when the parents are being selected 
for the next generation, a rather large number are chosen to 
breed. All of those which produce offspring are once again bred 
to their former mates. Only those children are kept whose 
parents have thus littered on both (‘evasions. This criterion 
attains three objects: (a) it retains a line which is highly fertile 
}>er sc t and [b) it secures a fairly large number of children of a 
given set of parents. Of psychological importance, (c) it secures 
two types of offspring, twins (members of tin* same litter) and 
siblings (members of different litters by the same parents). 

5. Physiguc.—Only those rats are selected as parents that 
have a family and personal history of sound physical health. 

(>. ( 1 olor.- - An effort is made to keep the- stocks as hetero¬ 
geneous in color as possible. The value of this is not so apparent 
at the present stage* of tin* experiment, but after pure lines have 
been established, then an attempt will be made by proper breed¬ 
ing to fix (make homozygous) a certain coat pattern and color 
to the Bright strain, and another pattern and color to the Dull. 
These lines may then be kept in stock without fear of contamina¬ 
tion by other strains. 
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III. ANALYSIS OF RESULTS 

A. Results which Relate Particularly to the Degree to 
which this Ability to Learn is Inherited 

This mental ability must appear to be inherited if, as one 
passes from generation to generation, one finds that there is an 
increasing tendency for Bright to beget Bright, and Dull to beget 
Dull. In successive generations one would expect the offspring 
of Bright and Dull parents to become more and more different 
from one another until in an wth generation this difference 
reaches a maximum. The Bright and Dull lines will then be as 
pure as possible under our conditions of measurement. Evi¬ 
dence which will reveal the degree to which this mental ability 
is inherited will appear from two types of analysis: (1) from a 
comparison of frequency histograms in successive generations, 
and (2) from the change in group statistical constants in suc¬ 
cessive generations (i.e., by comparing means, standard devo¬ 
tions, correlation coefficients, etc.). 

NOTE ON THE MEDIAN GROUP 

At the outset of the experiment, it was decided as a precaution to use 
also a Median group for the first few generations. In the event that 
either the Bright or Dull group failed to perpetuate itself, then suitable 
individuals from the Median group were to be chosen to brace up, as it 
were, the failing group. Indeed, this precaution proved wise, for a num¬ 
ber of the Dull parents of the F x and F 2 were sterile. From the Median F* 
group (i.e., those Ft whose parents were Median) many whose perform¬ 
ance was Dull were used as parents of the Dull F 2 . But both Bright and 
Dull parents of the F 3 proved very fertile so that this Median group has 
now been dispensed with. Future generations will be composed only of 
Bright and Dull lines. 

1. Evidence from the comparison of the distributions of the 
groups. —In figures 1, 2, and 3 are given the histograms of the 
groups in the P, F 1? and F 2 generations respectively. The scale 
(of abscissae) drawn at the top of the figures requires some 
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explanation. The distribution of the parental sample of animals 
was originally drawn on a scale of equal width intervals and 
was found to be very skewed. This skewness was due to the fact 
that the dull end of the scale spread out inordinately. For prac¬ 
tical purposes, the distribution was warped into a symmetrical 
shape by transmuting the original scale into the new scale shown 
above the figures. In this scale, the values 0, 1, 2, 3, ... . 18, 
mean increasing degrees of dullness. To illustrate, class 0 con¬ 
tains those individuals making from 10 to 14 errors, class 9, 
from 55 to 64 errors, class 18, from 195 to 214 errors. A justi¬ 
fication of this procedure will be given elsewhere. 2 

The parental generation (P). The distribution of the errors, 
made by the initial random sample of 142 rats is shown in 
figure 1. This was the original group from whose records the 
data on reliability and validity of the maze were secured. The 
variation in this group is very large, ranging from 11 errors to 
195 errors. From this group, Bright, Median, and Dull breeders 
were selected as parents of the F x as denoted by the cross- 
hatching in the figure (see legend at bottom of figures). 

The F 1 generation . The P Dull parents gave too few progeny. 
The F x children of Dull and Median P parents were therefore 
thrown into one distribution and compared with the progeny of 
Bright parents (see fig. 2). The difference between the means 
(M’s) of the progeny of Bright and Median-plus-Dull is not 
great in this generation. It may be noticed, however, that there 
is a marked tendency for the Median-plus-Dull group to collect 
in the rather dull classes from 13 to 18, whereas fewer of the 
Bright group are found in these categories. The progeny of 
Bright tend to collect in categories 1 to 3 more than do the 
Median-plus-Dull. But the variation in both groups is so great 
as to produce a high degree of overlapping. 

2 A more important consideration than transmutation, however, is to 
know the reliability of each point on the scale, that is, to know the degree 
to which individuals fluctuate' by chance from one class to another. The 
probable error of each point is important, because, in the selection of 
breeders, one should know the degree to which each individual is reliably 
different from each other individual. The reliability of these scale points 
has not as yet been determined. 


Bright scale Bull 

.0*U2 t 3 t 4 t 5 % 6 t 7 t 8 t 9J0JU2A3A4A5A6A7A8 . 



Pig. 1. Distribution of scores of Parental Group (1ST ;= 142). 




In figures above, the ordinate of each distribution refers to number of indi¬ 
viduals, the abscissa to scale at the top. M is the mean point. Barring denotes 
region from which mates are selected, to-wit: 


m Bright mates. ft 1I I Median mates. E3 Dull mates. 
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Such a slight a ca-jvc* between (a) and (b) in figure 2 is 
probably due to the rW* uuit the Median-plus-Dull group con¬ 
tained progeny from 1.(1 Median matings and only 6 Dull mat¬ 
ings, so that the companion is largely that between Bright and 
Median. The Dull P parents produced only 6 litters from 29 
matings. It is supposed that a greater difference would have 
been obtained had a larger group of Dull P parents been fertile. 

The F 2 generation . There were more individuals in the F x 
than in the P generation from which to select suitable mates as 
parents of the F 2 , and kin-performance was added to own- 
performance as a criterion in the selection of the parents of 
the F 2 . These mates proved more fertile than their predecessors. 
A certain proportion of matings were brother by sister. The 
effect of the improved criteria of selection for parents is quite 
noticeable in the F 2 . (See fig. 3, distributions a, b, and c.) 
Special attention should be drawn to distributions (a) and (6), 
children of Bright F x and Dull F x . These two distributions are 
now distinct, and overlapping has been greatly diminished. 

The F 2 generation . The Median group has been discontinued 
and all effor.t concentrated on the rapid production of Bright 
and Dull races. The F 2 Bright and Dull parents of the F 3 have 
proved to be quite fertile. The improved criteria have been put 
in full operation in the selection of the parents of the F 3 , but 
scores from this generation are not as yet available. 

2. Evidence from the comparison of statistical constants on 
successive generations. — (a) Evidence from the change in means: 
As the effects of selection become more and more pronounced in 
successive generations, one would expect the differences between 
mean scores of the Bright and Dull strains to become greater 
until pure lines, or at least highly homozygous lines, have been 
established, when the difference will reach a maximum. Table 1 
presents the mean scores and their differences to date. 
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Comparison or Mean Bookek 



Mean of progeny 

Mean of progeny 

thfTerenee between 


of Bright 

of Dull 

means 

F, 

8.58±.42 

9 JHlt .30 

(Median-pl us-DulU 

i as ( r>i 

f 2 

4.18±.16 

H, 69 h ,25 
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This table shows that the difference hot worn Height and I dill 
strains has increased in the F, over that of tho F t . The inereased 
difference, 4.51, is fifteen times its P.K.c and is therefore 
statistically very reliable. 

(ft) Evidence from the change in variability : Selection, if 
effective, should produce more homogeneous strains at successive 
generations, that is, the standard deviations should decrease 
until, at the time the races are pure, they should reach a mini 

mum. Table 2 gives these sigmas to date 1 * 
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Standard Deviations or run Scours or Titr Vaiuoi'c Uuonvi 
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Bright 

5.01 t-.3o 
2.43 i .11 


Me4nm 
4,50 4 1H 

3.07 t :w 


tiuii 


4 ON 4 ,21 


3 IN 4 25 


Note that in table 2, no decrease in sigmas appeared in going 
irom the P to Fj. The K, strains were therefore n<> more 
homogeneous than the P group. Put In going from the b\ tt* l«\, 
the strains underwent marked diminution in heterogeneity. In 
the Bright strain the variability was cut in half, from 5,01 to 
2.42, in the Dull to about three fifths, from 4 ,Oh tincluding the 
Median group) to 2.18. 


* The numbers sifter * sire the orthodox **rn»ri, to wit ( 
P.E. Ml -.G74fC^ ; P.K. Mi 
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(c) Evidence from the << relation between kin: Since the 
correlation coefficient beiw^er* two variables such as those in 
which we are interested r:::^ure of how much both are. 
determined by a common car.-e, h» '.nr case the germ plasm, the 
correlations between different '/>, cs of kinsmen are important. 
The correlations will be between twins, siblings, parent-offspring, 
cousins, uncle-nephew, grandparent-grandchild, etc. Such cor¬ 
relations have been secured for some human traits, but environ¬ 
mental factors have not been excluded. In this investigation, 
where environmental factors which would make for a correlation 
between kinsmen have been eliminated, the correlation coeffi¬ 
cients must be secured for each generation separately, the maxi¬ 
mum values being reached, theoretically at least, when the pure 
lines have been developed. 


TABLE S 


Comparison - of the Fertility op the Strains 



Parents 

Number 
of matings 

Number 

fertile 

Per cent 
fertile 

Number 

of 

progeny 

Average 
number 
per litter 


Bright. 

29 

11 

38 

80 

7.3 

p 

Median. 

40 

16 

40 

110 

6.9 

1 

Dull. 

29 

6 

21 

38 

6.3 

f 

Bright. 

36 

34 

94 

254 

7.5 

Fx 

Median. 

33 

14 

42 

89 

6.4 

1 

Dull. 

51 

22 

43 

130 

5.9 


f 2 


The per cent of Dull F 2 matings that have proved fertile have 
so far equaled that of Bright, though the statistics on this group 


have not been completed 


NOTE ON THE DIFFERENTIAL PARTIAL STERILITY IN THE 

P AND F x 

Surprising results in the fertility of Bright and Dull strains appeared 
early. The Bright animals have been superior to the Dull in two ways: 
in the number of matings which have proved fertile, and in the number 
of children per mating. Table 3 shows these results to date. 

The Bright were most fertile and had the largest number of progeny per 
litter in the P and "F x . Both the Bright and Dull were twice as fertile 
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in the F x as in P, but the Dull remained less fertile than the Bright. In 
the F 2 the Dull group appeared to be as fertile as the Bright. This 
increasing tendency for the stocks to become more fertile as the experi¬ 
ment progresses is due, I believe, to the procedure of keeping children 
whose parents were fertile twice , and excluding others. 

It may not be argued from the data on fertility that the mental ability, 
especially as measured in the F 2 , is closely related to physical vigor of 
which fertility seems to be an index, for the F 2 Bright and F 2 Dull 
groups, which have shown wide differences in mental ability, appear to 
be equally fertile. 


NOTE 0N THjE GENERAL IMPROVEMENT IN THE F 2 OVER 
PRECEDING GENERATIONS 

Notwithstanding the fact that the Bright line appears to have become 
more different from the Dull line at successive generations, the amazing 
fact exists that both groups have done better in the F 2 than in the F x 
or P. Notice that in the Dull group of the F 2 (fig. 3) there are few 
eases in the categories 15 to 18, whereas in figures 1 and 2 there are 
many. A subsequent generation has therefore improved over a pre¬ 
ceding one—a nice bit of evidence for one who accepts the hypothesis 
that there is inheritance of acquired characters. But other explanations 
may be offered: 

1. As this investigation has progressed, the experimenter and assistant 
who cares for the animals have necessarily become more skilled in 
handling them. But if there have been any changes in technique, they 
have been unconsciously made, for the technique was laid down at the 
beginning of the experiment, and it has not been deviated from in any 
essential respect. 

2. Possibly there has been a progressive decrease in timidity due to 
social influence of one generation, docile by training, upon the next. 
Such progressive decrease in timidity might also be explained by the 
increased skill in the handling of the animals. Such an hypothesis is 
not convincing to the experimenter, for up to the time the rats began 
running the maze, they appeared to be just as timid in the F 2 as in the P. 

3. The theory most plausible to the experimenter is that general 
improvement of the F 2 over the F x and P is due to the increased vigor of 
the Fo in both the Bright and the Dull strains. Individuals from these latter 
groups showed a heightened vigor in the maze, explored more actively, 
and never refused to run. This increase in vigor is due, I believe, to the 
selection occasioned by the partial sterility of the P and F x In general, 
strains more fertile and more vigorous physically are being developed 
and hence they are more active in learning. The less fertile and less 
vigorous strains have not perpetuated themselves. 
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B. Results which Relate to the Mode op the Inheritance of 
this Mental Ability 

Other investigations in genetics on the establishment of pure 
lines have in the main considered the measurement of structures 
in plants and animals. These characters are similar to mental 
ability in that they vary continuously. The inheritance of these 
characters has been explained by the operation of multiple 
genetic factors; and by proper breeding experiments, results in 
many cases appear which are consonant with the multiple-factor 
hypothesis and are explicable by no other theory. This hypo¬ 
thesis applied in its pure form to mental ability would assume 
that one extremity of this trait, say Dullness; is caused by n 
factors, such as aabbcc .... nn, where each factor is inde¬ 
pendent and of equal weight; the other homozygous extreme, 
Brightness, is caused by N allelomorphic factors, AABBCC .... 
NN, where each factor is independent and of equal weight. 
Regarding such allelomorphs as A-a , the large letter represents 
one factor for Brightness, the small, one for Dullness. No 
dominance is postulated, the heterozygous state produces an 
intermediate condition, and the factors interact cumulatively, 
i.e., the more large letters present, the brighter the individual. 
If the number of factors determining mental ability is large, 
however, these assumptions are not mandatory, that is, domi¬ 
nance may operate between some allelomorphs, factors may be of 
different weights, they may not assort independently (i.e., they 
may be linked) and yet the character, mental ability, may appear 
to be inherited according to the ideal multiple-factor scheme. 

The question is.* Are the results obtained to date consonant 
with the multiple-factor theory? 

Since the parental group was a sample chosen at random 
from the rat population, it was probably very heterogeneous 
genotypically. The group was too small for one to expect pure 
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kernes to be present, especially if the number of factors operat- 
» is large. Theoretically, the sample, since it was very hetero- 
aous generally, would group about the most heterozygous type, 
•LtbCc . . .. Nn. A few of the more extreme types would exist, 
Course, containing on the one hand, a preponderance of large- 
tered factors, on the other hand, a preponderance of sma.ll- 
tered factors. Singling out these extreme types, inbreeding 
to secure eventually pure lines, AABBCC .... NN and 
7 bee ... . nn, is the first objective of the experiment. But 
' the Pi only moderate success can be anticipated. Parents 
Bright Pi would still be very heterozygous, containing many 
all-lettered factors, and consequently, by the principle of inde¬ 
cent assortment, a variable P x group would be produced, 
nilarly, the Dull parents would likewise be very heterozygous, 
Cueing also a variable F r The results as shown in figure 2 
1 in accordance with these theoretical expectations. In view 
the fact that the Bright parents were in some cases (see fig. 1) 
lost average in ability, and that the Dull parents were very 
ertile, so that the parenthood of the Median-plus-Dull P, was 
gely that of Median heterozygous parents, one would expect 
t the children of Bright and Median-plus-Dull parents would 
.er little in the means and would overlap enormously. 

Since the total P x was a larger group than the P, more suc- 
s was had in securing extreme types for breeders. The Bright 
•ents were all more definitely Bright, though doubtless much 
erozygosity existed among them. Similarly, a quite Dull set 
parents was secured, sufficiently fertile to produce for the first 
Le a group large enough for comparative purposes. In some 
es, brother-by-sister matings were made. As a result, the 
ldren of Bright and Dull parents formed quite separate 
fcributions (fig. 3). While there is still much variability within 
h group, overlapping among groups has greatly diminished. 
Consonant with the multiple-factor theory, the distributions 
behaving in such a fashion as to indicate that we are 
■inning to shuffle the factors into two piles, those consisting of 
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determiners for Brightness and those for Dullness. The rapidity 
with which this may be done hinges upon (1) our ability to run 
large numbers which will increase the probability of extreme 
types occurring (it is for this reason that the Median group has 
been dispensed with, in order to concentrate upon the Bright 
and Dull groups), (2) the degree to which brother-by-sister mat¬ 
ings may be resorted to without piling up on caeogenie factors, 
and (3) the number of factors producing this mental ability 
(the greater the number, the longei the time of sorting). 

Final decision as to the mode of inheritance must await the 
crucial crosses which will be made when relatively pure lines are 
established- If multiple-factors operate, then crosses between 

the eventual pure lines of Bright, A A It IK U 1 .Y.Y, and Dull, 

aabhcc .... nn, will produce an F } all of the median homozygous 
type, AaBbCc . . . . Xn, and the will vary over the whole 
range of performanee. Such results, or dost* approximations to 
them, will demonstrate that this mental ability, to tin* degree that 
it is inherited, is explainable by the Mondelian multipleductor 
formula. 


IV, SUMMARY AND UROSPBCTUK 

The object of this investigation has been defined as the 
determination of the degree to whieh this mental ability (maze¬ 
learning of rats) is inherited, and of the nature of the genetic 
factors which produce it. 

The procedure is as follows: Beginning with an original 
heterogeneous sample of progenitors, selective breeding has been 
resorfvd to with the expeetathm of obtaining two pure lines of 
Bright and of Dull individuals. These races, if obtained, will he 
interbred, and the results of these crosses will indicate the nature 
of the genetic factors underlying the trait, 

The experimental trchnit pit contains these features: an objec¬ 
tive, reliable, and valid measuring scale; some environmental 
variables controlled, and those not eontrolled, directly or 
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indirectly measured; an original sample of rats carefully selected 
so as to include a random sample of ability; selection criteria 
developed which aim at the rapid production of pure lines in 
mental ability but which at the same time eliminate eacngeme 
characters. 

The results on the I\ V l9 and R. general ions indicate that this 
mental ability is inherited, in part at least, and there is reason 
to believe that pure lines may be obtained. Tin* results so far 
are consistent with what would be anticipated ti this tiait were 
produced by multiple tfonetic factors. 
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BY 

MERLE HUGH ELLIOTT 


PROBLEM 

The first object of this study was to determine the effect of 
the appropriateness of the reward 1 upon the maze performance 
of rats. A second object was to determine the effect of the 
presence of two drives upon such maze performance. 

METHOD 

The same maze and the same general technique were used as 
in the study previously reported (Elliott, 1928). The rats Were 
given one trial per day on a 14-unit multiple-T maze and were 
scored in terms of time and errors. 


PROCEDURE 

Three experimental groups were used. All three groups were 
both hungry and thirsty throughout the training period. All 

Reward** is defined as the object placed in the endbox of the 
maze. “ Drive** is defined as tbe internal state of the animal resulting 
from deprivation of food or water, i.e., hunger or thirst. “Appropriate¬ 
ness** is defined in terms of the relationship of reward to drive. 
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three were rewarded with bran mash” for the first nine days, 
which was changed to the water reward for the remaining nine 
days of training. The three groups differed from one another 
only in regard to the relative strengths of the two drives which 
were simultaneously present. 

All the animals were fed the remainder of the day’s ration 
in the living-cages one hour after the daily maze trial. The 
regimen of the various groups was otherwise as follows: 

Group E — 

This group consisted of 2S male rats which wore both very 
hungry and very thirsty . The water bottles were taken out of 
the living-cages eight hours before the maze trials and the 
animals were at the same time given a small amount of dry 
bran mash. 


Group F~ 

This group consisted of 2f> male rats which were very hungry 
and slightly thirsty. The water bottles were removed half an 
hoar before the maze trials, and no dry food was given. 


Group G — 

This group consisted of 22 male rats which were slightly 
hungry and very thirsty. The water bottles were removed eight 
hours before the maze trials and large containers of dry food 
placed in the living-cages. Tin* thirst was intensified by the dry 
food, and the animals ate only until some degree of balance was 
reached between tin* increasing thirst and deereasing hunger. 
(If they were now given water, t hey won hi then eat more of the 
dry food. Likewise, they were still able to eat the slightly 
moistened food which was used as a reward for the first nine 
days. See footnote 2.) 

- This was a modification of tin* St eonhook diet, Two jm r t h hy volume 
of Uio food wore combined with one part of water to produce a dryish 
mixture which it was thought would not quench the thi rut of the animals 
and at the same time would not aggravate It. 
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RESULTS ON APPROPRIATENESS OP REWARD 

Figures 1 and 2 give the average performance of each of thi 
three groups in terms of errors and time, respectively. In ordet 
to show the significance of the various changes in performance 


........... Group E (very hungry, vory t hirwty) 

V . Group E (very hungry, slightly thirsty) 

V Group G (slightly thirsty, wry hungry) 

\ vL^ All groups rewarded with food for nine days 
\\ \ and thou changed to water reward. 



resulting 1 from the change of reward, the following tamos arc 
presented. In each of those tables are given the differences 
between the mean for the tenth day and that for eaoh of the 
succeeding days, divided by the standard deviation of those 

niff. , . ....... 


differences (i,e. 7 


-). In those tahh*s the | sign preee< 
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the ratio indicates that the mean performance on the particular 
day is above (i.e., poorer than) the performance of the group 
on day 10, while the —sign indicates that it is below (i.e., better). 


TABLE 1 

Reliabilities of the Differences of the Me+ns> of Group E 


Days compared 

10-11 

10-12 

10-13 

10-14 

10-15 

10-16 

10-17 

10-18 

DifF. ( errors ). 

o-diff. 

+1.06 

+2.36 

+2.38 

+ .44 

- .14 

- .98 

-1.60 

- .90 

(time). 

<r diff. 

+2.00 

+4.26 

+3.44 

+2.68 

+2.15 

+1.52 

+1.27 

+1.47 


TABLE 2 

Reliabilities of the Differences of the: Means for Group F 


Days compared 

10-11 

10-12 

10-13 

10-14 

10-15 

10-16 

10-17 

10-18 

(errors). 

<r diff. 

+ .45 

+ .82 

+ .50 

+ .36 

-1.10 

- .00 

- .77 

- .06 

Diff - (time). 

O’ diff. 

+ .87 

+1.20 

+3.60 

+2.94 

+2.65 

+3.16 

+2.22 

+2.93 


TABLE 3 

Reliabilities, of the Differences of the: Means for Group G 


Days compared 

10-11 

10-12 

10-13 

10-14 

10-15 

10-16 

10-17 

10-18 

Diff - (errors). 

cr diff. ' 

-1.24 

-1.77 

-2.46 

-3.03 

-2.77 

-2.21 

-2.81 

-2.57 

Diff - (time). 

<r diff. 

-1.11 

-1.54 

-2.29 

-2.61 

-2.51 

-2.45 

-2.67 

-2.35 


The rats of Group E, which were both hungry and very 
thirsty, showed, when the reward was changed from food to 
water, an increase in both time and errors and then returned 
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approximately to their former level of efficiency. The ratios in 
table 1 indicate that the time scores tended to lag behind the 
error scores in this return. 



In the case of Group F, whose members were very hungry 
and only slightly thirsty, we find a decided increase in time 
as a result of the change of reward from food to water. The 
errors, however, continued at about the same level as shown in 
table 2. These animals were decidedly upset by the changed con¬ 
dition of reward. Their usual behavior on arriving at the reward 
box (after the change) was to drink a little water and then to 
struggle wildly to escape. If anthropomorphism be permitted, 
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one would describe these animals as extremely excited, emotionally 
disturbed, and occasionally neurotic. 

In table 3 we see that the rats of Group G, which wer* 
slightly hungry and very thirsty, showed a. distinct decrease ir 
both time and error scores when the reward was changed from 
the food to water. Four of the rats in this group showed 4 ‘di$. 
appointment” on the tenth and eleventh days. That is, after first 
drinking a little water, they either struggled to escape or spent 
the time in scratching or searching. Aside from this, there wa* 
no indication of dissatisfaction with tin* water reward. 


•RESULTS ON THE EFFECT OF A COMPLEX INCENTIVE 


The animals of groups E and F were very hungry, and were 
running for the food reward during the first ten days/ 1 Group E 
had also a strong thirst drive. Both the error and time scores 
during the first ten days suggest that the presence of two strong 
drives, only one of which is rewarded, is more effective in facili¬ 
tating learning than is the one rewarded drive alone. 


DISCUSSION AND UONOLFSH)NS 

The fact is well established that different rewards vary in 
their effectiveness. Simmons (1921), for (example, has shown 
that “broad-and-milk and sunflower seed both appeal to the 
hunger motive, .... and yet we get a difference in records 
with the two rewards. ” The same thing is shown hy the two 
groups previously reported ( Elliott, I92H i, which were rewarded 
for ten days with bran mash and sunflower seed, respectively. 
Hence we may postulate a factor, “reward value,”* winch will 
vary in strength for different rewards, given one and tin* same 
drive. This “natural” reward value may, however, be affected 

* The reward was actually ehau^'d <»n the tenth day hut of eourHe 
did not affect the performance on t hat day. 

'* The term * ‘ reward value ’ 1 was borrowed from Katherine Adams 
Williams, 1020. 







1929] 


Elliott: Reward Effect mi Ma:e Performance 


m 

in various ways. In the first place, a. further consideration of 
the difference between the two groups just mentioned, after the 
change of reward, indicates that the previous training may idler 
the reward-value. From the tenth to the sixteenth days both 
groups were rewarded with sunflower seed and yet a difference 
in performance resulted which shows the altering effect of pre 
vious training. Second, it is evident that reward value is affected 
by the existing drive. That is, water has reward value only for 
the thirsty animal. 

With this concept of reward value in mind it is possible to 
discuss the results of this experiment more intelligibly. The 
appropriateness of reward previously mentioned is nhviotish 
synonomous with reward-value. 

It will be remembered that the animals of groups K and G 
were very thirsty. It is to he exported, t hr re fore, that flour per 
formaneo on the water reward (days 10 IS* would he equivalent 
After an initial period of becoming aeeustomed b» the u**u reward 
this appears to be the ease. 

Group G, slightly hungry and very thirsty, improved rajudly 
on being changed from food to water. Group b\ very hungry 
and slightly thirsty, gave a corresponding deterioration m 
performance. 

From the results with these groups we would conclude that 
maze performance is a direct function id* rewardwittue, Ity 
appropriately varying the component factors of reward value, 
viz., the nature of the reward, previous experience with the 
reward, and the drive, it should la* possible to produce imy 
desired proficiency of maze* performance (given the same amounts 
of previous experience in the maze). 

With regard to the second general problem, the result % mg 
gest the possibility of obtaining greater maze proficiency when 
two strong drives are present although only one of these n 
rewarded. If this conclusion wen* verified the evident explain* 
tion would be in terms of (ho greater activity fanned by the 
double drive. 
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A SELF-RECORDING MAZE WITH AN 
AUTOMATIC I)ELIVERV TA BLE‘ 

BY 

E. C. TOLMAN, R. (1 TR YON, and L. A. J KVFtlEHtt 


The need for some form of self-recording maze, to be used in 
experiments in which large numbers ol rats art* to bo rita, ami a 
description of a preliminary type of such maze were presented 
in a previous article. 2 The present paper describes the fund 
form of the maze. A comparison of the two articles will indicate 
that the changes consist principally in; (1) the addition <d an 
automatic delivery table upon whieh the animals live during the 
course of the experiment and which delivers them automatically, 
one at a time, to and from the maze, (2) tic* substitution of n 
modified recording voltmeter in place of electric counters m the 
device for recording errors and time, and (2) the use of mercury 
cup contacts under the treads in tin* maze tloor m pluee *0 
telegraph keys. 

1 Joffrcss (University of Texan) designed the original working model 
of the automatic delivery table amt the original wiring plan. ^ Tr>»oi 
(National Research Fellow at the University of California! built, in pa*!, 
and installed the final apparatus and developed the feebnbpic of art unfit 
running the animals. Tolman (University of (hilifornini and Ttvon tec e 
together supplied various electrical and mechanical aimphtieafloin and 
have jointly written the present account. 

For suggesting a number of the eleetrieal nnd mechanical rerouting 
features, we are indebted to Dr. W. It Miles of Stanford UniveimH , To 
Mr. W. W. Wherer of the Western Electro Meehanieal Company of Oakland, 
California, we are indebted for constant ml vice and suggest on all thr 
electrical and mechanical problems, for suggesting the pioper modulea 
tions in the voltmeter, for the design of the spider, worm gem, and fh>< 
special contact key finally used In motivating the rev oh mg tuldm 
Acknowledgments are to be made to Dr, IT U. Weu r of Umterfoti V’m 
versity for various helpful suggestions about wiring, to Mr. th PtmD 
for assistance in making the photographs, and to Mr, J, Duel for fhe 
drawings. 

Finally,‘acknowledgment is to lie made to the Research Hoard of ftm 
University of California, whose grants have covered the entire rmt of 

the construction. 

2 Tolman, E. 0,, and Jeffress, D, A,, u A aelf recording imue/' do a real 

of Comparative Pm/chola(nj % HUhl, -Uhl, 
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The maze as here described lias been erected in the Psychology 
Building of the rniversity of (’alifornia and has already been 
used for an extended experiment upon the inheritance of mamen¬ 
ability in rats. 3 Its practicability is indicated by the fact that 
to date more than 10,000 single trips have been made through it 
and successfully recorded, 

L (JKNKKAIj PKtH'KIM'KK 

Figure 1 shows the general layout of tin* apparatus. A par¬ 
tition separates the maze room from the animal room (fig. 2). 
The animals to he run art* plueed in the revolving delivery table 
at the end of this room. The table lias two tiers of compartments, 
so that each animal has an upper and a lower compartment, lie 
lives in the upper eompartmeat until the time for the day's run, 
when he and his eompart merit an* transform! to the lower Her, 
This transfer is made without handling him individually, fur tin* 
compartments are in nests of seven. These nests can he removed 
like bureau drawers and inserted in either the upper or lower 
tier. (See fig. 2 win*re a lower nest of compartments in the lower 
tier has been partly pulled out .) The empty compartments taken 
from below are put above and supplied with food. 

The animal goes into the maze room at the point marked 
1 * Start ’ ? in figure 1, climbs a short incline to the level of the 
maze, and after one right ami one left, turn enters the first unit 
of the maze. The maze is made tip of seventeen T units, like the 
one shown at tin* bottom of figure 1. Kach unit eoniains a blind 
alley and an exit into the next, unit. The dotted line in tin* figure 
indicates the path of a rat which enters the unit at the elbow 
piece, walks over a trap door, TP (which by rising up behind him 
prevents his retracing), comeg to the choice point, enters the 
blind alley, returns from it, and goes into the next, unit, Black 
curtains, C, arc draped halfway in tin* blind and also in Hu* 
true path in order that both may look alike, All the floors are 

s Reported in Tryon, K. C M “OtmetiM of fearrmig ithilifv in ruts/' 
UmV' Calif . Publ. PsyahaL, It'lLgl, 4:7b«mi, It figure* in feist * 
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maze T-unit 
Legend 

D -Hand Operated 
TD-Trap Door 
C -Curtain 
S -Solid Floor 
M -Movable Floor 
$ -Light 


Door 


Fig. 1. Diagram showing general plan of automatic maze; a schematic 
presentation of the animal room and maze room. Below: sketch of a 
unit. 


.ovable, except S. As the rat walks over the movable floors, 
iey dip slightly into mercury cups beneath, which connect by 
ires to the recording device. In traversing the maze, the animal 
)es through all seventeen units, marked by numerals in figure 1, 
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and finally arrives at a point directly above his starting place. 
Here he enters his upper compartment by going through a final 
end-door (“End”), which, when it rises behind him, sots the 
revolving table automatically in motion. The table turns to 
bring the next compartment into position, and stops; the next 
animal then leaves his lower compartment to tread the maze; and 
so on until all the animals living on the table (a maximum of 
fifty-six) have been run. 

Immediately before an animal enters the first unit, he walks 
over a floor (see “Begin” in fig. 1) which sets going the record¬ 
ing device at the experimenter's desk. This device registers on a 
tape the path of the animal through the maze, and is turned off 
by the animal at a point beyond the last, unit isee “Finish” in 
fig. 1). 

Figure 4 is from a photograph showing the first and last parts 
of the maze. The rat’s progress as described above appears in paid 
in this figure as follows; At N (“Start”) the rat comes out of 
the table, then climbs up to the maze level and enters the maze 
proper at B (“Begin”) where he sets going the recording device. 
T-unitNo. 2 is in the right foreground. No. 4 is to the left in the 
foreground. In these units one may observe the curtains and 
automatic doors. When the rat has gone through all of the units, 
he comes out at T at the upper right portion of figure 4, and 
goes from T to E when 1 lie enters his upper compartment. In 
the figure a short-cut. is shown, hv which an animal may go from 
P directly to T without entering the maze proper. This short¬ 
cut is a preliminary training path which will be discussed under 
1 ‘ Experimental technique. ’’ 

After the animals have all been put into their lower compart - 
ments, before the day’s run, thi* experimenter's presence is no 
longer necessary, for the animals run themselves. Ordinarily, 
he works at the desk shown in figure 7. Above the desk the 
recording device is fastened to fhe wall, and to the right of if is 
an electrical cabinet containing all of the central electrical con- 
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Fig. 6 Fig. 7 Fig. 8 


Fig. 2. Animal room. 

Fig. 3. Revolving table compartments. 

Fig. 4. Beginning of maze. 

Fig. 5. Tread. 

Fig. 6. Recording device. 

Fig. 7. Experimenter’s control desk. 

Fig. 8. Table-motivating device. The spider has been lifted off its 
normal axis in this picture. 
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nections. Heated at his desk, the experimenter him everyt king 
within reach, and may control any portion of the elect ideal 
system hy manipulating auxiliary hand switches. 

IL TECTINIFAL DETAILS 
The record iny dt rice > 

The automatic* record involves u specially modified recording 
voltmeter (fig. (U. This is a 44 Type t*** West mg house reeuvritttiif 
voltmeter provided hy the Western Mechanical < hmipauy of 
Oakland, California, hut modified hy them to tit the special needs 
of the situation. 

The rate of travel of the recording paper was very* much 
speeded up hy means of a small fid cycle lift-volt A,(\ fnn~mt*for 
attached to the meter in place of the original motor. The 
increased speed was necessary to record list* progritsK of tut 
ordinarily fushmoving rat, The special motor speeds up the tape 
to 15 cm, per minute, The details of the wiring of the motor 
circuit arc shown in figure IK When the rat steps on fho trend 
of the starting unit, K i" Begin/* fig, I < he thereby complete-* 
a circuit through the magnet of relay No il, which elonos the 
circuit and starts tin* motor going At the same time his ako 
magnetisms relay No* L which shunts across this trend anti koeps 
the circuit closed even after flie rat lots mine mi farther, In 
fact, the* circuit is kept closed unlit the rat finally steps on t tie 
finishing tread 4 Finish/' tig, J . The finkhing tread dos*'* no 
additional circuit which magnet i/e * relay No *J» and thin k *** 
wired that, when magnet i/cd, it break s tic* original oirotttt. 
Belay No* II is thus demagnetized amt the A If motor <*irmiu 
broken. 

By specific types of deflection the record mg meter shows* the 
particular tread of the itui/.e proper which of a given ntmxnmf is 
occupied by n rat, Figure 5 dtthe trend m flic ‘'stom 41 of 
a T-unit fsee bottom of fig, J , In the figure, the floor <»f the 
tread has been removed hy simply lifting it out and it is show n 
lying upside down beside the frame in which n normally -at * 
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When this floor is put hack, it rests on the galvanized iron 
fulcrum screwed to the middle of tho base of the tread. In the 
normal position, one of tin* metal prongs in one end under the 
surface of the floor (see figure) rests ahaiw the mercury, which 
only partly tills its cup, while tin* other prong is perpetually 
immersed in the mercury which completely tills its cup. As a rat 
jaws over the wire door and steps on the floor, this floor dips 
down slightly ami causes the prong which had been above the 
mercury to dip info its cup, thus completing a “'stem” circuit. 
Besides this typo of “stem’' tread there is a “blind” tread (see 
iUf, li which is identical with the “stem" except that it lacks 
a wire trapdoor, “Stem” and “blind” treads, however, make, 
as we shall see, different deflections of the recording needle. The 
other arms of each T unit also have treads. Hut these in our 
actual practice have not been wired (although they could be). 



Fi|(, t*» mmf i m! motor <**t rmmrtUtt# vottmW«<r, 


Tin* wiiv iiiifitmiifit* thorn jtppf»urin# in tfir «strm tr«*ncLs «r** 

mmply ph»«*ra of hardware chfh limgnl hy nmln at thr bottom 

mi*! hrhI up hy rnhltrr bamls, Whru n rut wulkn up on thmso 
doom thyy down in front of lum, of his writfht, Wlton 

hr huH stopped off, thry Hy tip ttrhmd him and provotif his 

rrlntcitif, 
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The meter in the recording device was rewound so as to adapt 
it to recording a total potential drop of only 6 v. (that provided 
by an ordinary storage battery). A potentiometer wire connected 
across a storage battery served as the source of potential, and 
five different amounts, of potential drop were tapped off from 
this wire and connected in circuit with the various types of 
tread. The wiring is shown in figure 10. The middle of the five 



potential drops was used as a dead line* so that the needle would 
stay in the center of the recording paper when no contacts were 
being made in the maze. The two smaller potential drops, 
recording above this middle line, were wired with alternate odd 
units in the maze, that is, with units number 1, 3, 5, etc. And 
the two greater potential drops recording below this dead line 
were wired with the alternate even units in the maze, that is, 
with 2, 4, 6, etc. In this way maze unit No. 1 records to the left 
of the middle position of the needle; unit no. 2 to the right of 
this middle position; unit No. 3 to the left again; unit No. 4 to 
the right; and so on. Thus, by counting from the beginning of 
any rat’s record, it is easy enough to discover in which units his 
errors were made. The potential nearer in value to the middle 
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was wired with the stem of the unit and the potential farther 
away from the middle was wired with the blind. K 1 , K 2 , K*, K* 
are hand switches with which the experimenter' may test the 
operation of the voltmeter without actually pressing' down the 
corresponding treads in the maze. 

A typical maze record appears on the tape as follows: 



This tape illustrates how complete a score one may get of the 
rat's performance. Read the tape from right to left. After the 
preceding rat has turned off the recording device at “Finish/’ 
he travels around to L which is a unit wired like blinds 2, 4, 6, .... 
By the time he reaches L, the tape has stopped running and the 
deflection of L is a straight line, and hence has a different 
appearance from all other deflections, thus denoting the separa¬ 
tion mark between the runs of adjacent rats. On the tape shown, 
the double deflection at blind No. 1 denotes a full entrance in 
the blind. "When the rat first steps into blind No. 1, the floor 
dips into the mercury and the needle deflects. When he goes 
fully in, the floor dips out of one of the mercury cups and the 
needle returns to neutral. On coming out of the unit, the rat 
again depresses the floor and the second deflection occurs. The 
single deflection at blind No. 4 means therefore only a partial 
entrance. All of the short deflections represent “stems” of the 
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successive units as shown. At blind No. 10 is another full 
entrance with a retracing into the stem. The remainder of the 
tape is self-explanatory. Since the tape travels through the 
recorder at a uniform rate, the length of the tape between the 
two “L’s” is an index of the time of the rat’s run. 


Motivating system for revolving table — 

The rat steps off the last section of the maze upon an end-gate 
and then into its home cage (upper compartment) on the living 



table. As it steps off the gate, thus allowing the latter to swing 
up again, the table begins to revolve very slowly by means of a 
motor and spider which engages pegs on the underside of the 
periphery of the table. (See fig. 13; also fig. 8, where a picture of 
the mechanical device is shown.) In this way the table is brought 
into position so that, when the motor stops automatically, the next 
rat is opposite the lower entrance leading to the maze. He enters 
the maze, runs through it, returns in similar manner to his 
upper compartment. The table starts again; and the procedure 
is repeated. 

In order to accomplish all this, certain special features of 
wiring, of relays, and of specially constructed switches were 
necessary. First, the end-gate, over which the rat steps to get 
from the maze onto the table (fig. 14 gives a side view of this 
gate and its connections) . This gate has a double set of mercury 
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In tin* retiring rinsed position a contact is made with 
♦ lit* mereury eup f\ In the open position, when the rat has his 

full weight ii|ant the gate, a eoutart is made with the eup K. 

By means of a relay isee wiring diagram, fig. 11, relay No. 1), 
the enii neet ions are su arranged that a emit net must he made first 




Pig, Hi Pfirtrr whoti fifgi tftubo th***r of IfdiR 

pig IS, Uiet k-’Uh hi Mi*/**, 

lit K and then at P he fur** the muter, wtiieh revolves the table, 

mil start, Thm 11 hi outlie Mire that the rat has got off the gate 
and unU* the ubte before the fnhte starts moving, If, upon emu 
titef P alone, the table started, the Jsttttitftl might he naught either 
not fin the talile ill lit!, or half on and tnilf off, 

Hmmd, the tqwrm! strife/* iweeuMiry for the motor: This 
miifell u operated meidmmealty by it set of nubs upon the htih 
Ilf the spider, wliteh work in eitm fashion, Figure t*J shows three 
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successive positions of this switch. In position 1, a contact is 
made through A and B. When the rat has reached his upper 
compartment and has made the required double contact at E 
and then at F, thus closing relays No. 1 and No. 2, the current 
passes through AB and thence to the relay No. 3 (see fig. 11). 
The motor starts and the table begins to turn. As the motor 
continues to turn, the main finger, LB, of the switch is gradually 
pushed to the left (fig. 12) and as a result of the hard rubber 
mounting, B, it gradually pushes the finger C over to the left 
until a contact is also made between C and D, and position 2 is 
reached. Contact is now established through both AB and CD. But 
CD is wired directly (fig. 11) with the alternating current which 
runs the motor, so that, as long as contact CD continues to be 
made, the motor will continue to be run. Position 3 (fig. 12) is 
next reached, and AB is opened, whereupon there fails the 
activation of relay No. 3, which originally started the motor 
when AB was closed (see fig. 11). The motor, however, con¬ 
tinues to act because of connection CD, until position 1 is again 
reached, when CD is broken and the motor stops. The table is 
now in position for the next rat. In order that AB may start 
the table again, relay No. 3 has to be again activated through the 
contacts E and F at the end-gate. 

III. SPECIAL EXPERIMENTAL TECHNIQUE 
After the apparatus was constructed, it was necessary to 
“fit” it, as it were, to the animals. Some sixty rats were run 
and discarded before a satisfactory experimental technique was 
developed. This technique involved giving a preliminary experi¬ 
ence, a ‘ £ test-breaking’ ’ practice, to the animals. This preliminary 
conditioning was obtained on a path of constant length for all 
animals (see short-cut, P to T, in fig. 4) . The rat was thus gradu¬ 
ally acquainted with the special features of the maze so that, in 
the maze proper, he would not be upset by them. There was, as 
a result, considerable reduction in the customary £ ‘ experimental 
mortality” (i.e., discarding of animals because of their refusal 
to run, an exigency which is such a discouraging feature in most 
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ma/w running h Without suoh a prtdiminary training', it in 
doubtful whotbor tho rata would oporato Hindi an apparatus 
ns thin, Uivou Hindi training, thoy upornttsi it with rapidity, and 
not morn than ono out of fifty animniH had to bo diwnrdod* 

Vet Hmimirii pruned u re 

Tho first day, tho rat is wotghod and transform! from bin 
living oago, in wlihdi ho has boon with othor animals, to his uppor 
oompartmout on tin* revolving tablo. Ho is not givon food on 
this day, Tin* no\f so von days aro dovotod to short rims through 
I ho proliminary short out, This path (as may bo soon in fig, l) 
bogms at “Start/' mahos a right, thou n loft turn, and thon 
follows flu* dnshod lino of tho diagram to its oml whom a IMCb 
dogroo turn oomtrs; thou gnos straight on into tiio uppor oono 
part Mont, This path tamtams movable floors, curtains, and 
automatic «toors ns indioatfsl, f hi days U, «l, 4, and b> tho export 
mentor piifH fin* nit by hand t two runs a day ) through parts of 
this path, Tints, on fin* second day tho rat is introduood by Itaml 
just outside tbo end gate f M lhut H) and goos through this door 
into (sis uppor compart mont. Tbo ond gate m held down for him 
mi thm* two truth *bt tin* third day tho proooduro in tho same 
hut tin* ond gait** is up and tho rat has to manipulato it himself, 
On tho fourth day, in* is find put in at H> goon to 7\ and rotraces to 
° Knd M , on tho second trip ho m put in at T and goes to 11 Kttd/* 
On tho fifth day, ho goes on tho first trip from T to P and thon 
latch ft* “ Knd ”; on I ho second run, frn goes from ft bank to tin* 
“Start/ 1 enters hm towor compartment, and thon rot urns to 
M Knd “ From tho sixth to flio oiglilh day h ho malms oomploto 
trips throuifh tbo entire proliminary path, <Hi tho sixth day tho 
various trapdoor* 770 itro sot up, These doors an* tho sumo 
m these in tin* man*. Hut tip to tho sixth day tho rtthbor hands 
are slipped off their retaining nulls mid lit* tint on tho floor so 
thill tho iniJiiinlw merely walk over theta, On tho sixth day, 
however, 77 p ih put tip; an flto seventh day, 77>„ amt oiirtuin, 
(/, uro added ; on tho eighth day, Tip and Tip, tp and t* u nro 
addod Kueh day of trmnw$ bus thus introduood tin* animat to 
m*w tWfttro'i, As n result, through all of tho f ruining trials, ns 
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well as mi the ninth day, when the animal first goes ittio tlit* imirn 

proper, he runs rapidly and with little tips**!, The tinimaK are 
not hamlled after the fifth training? day, except rniee for weigh 
inf on flit eighth day. 

On the first and second day cif running in the maern foopma 
because of the great amount of time width the rats lake o 
explore the various alleys, tape is usually saved by fulatpf burnt 
records of errors made. By the third day, the time of romoim 
is so reduced that the recording deviee is used, In nm\ lomc-non 
any rat dailies thereafter, the experimenter mm turn H'T dm 
recording deviee by using the hand switch, K» \ tig. a? vr< * 

desk, and note the time with a stop watch until the annual agom 
stiirts running. 

Since the rat runs only ester u day, the food placed ^ 
upper eciiii|nirfiiieiii must, of enures contain all of the on*- r m* ?n 
{including waters necessary to keep turn in good cm-, nr;*m 
during the experimental period. If if is deyivd to hoop do* ? a, 
at a uniform weight over tin* experimental period, limy i o ! he 
weighed daily, itnd the fwwl regiiliitrit mwordittgly 

This apparatus reipiiiv* hut Isttje mire to keep if in * no ? 
Two storage batterie* are n *ed, mm f M operate the *v|»*y j • <* *m », 
the other the recording needle Ttt*p will carry a no *„n. c" 
charge indefinitely hy ntfaetmivr them to a Ynoll** clou ,nn, 
which is itself attached to the ultesimHug eircmt f i«om -n >;U t 
tile * tried faeces 4 if lilt* rats wedge hefuet n flic flo^r of n p.or 
unit and the frame m which it sit 4, dm*> prevent no.? pm y *0 ^00 
tiiefs, To avoid tins difficulty, a fount?? she!, ko hem* ,r- , e?, 
which hiH a stiff wire affixed to one cod IU mo-rfnsp *k; j tv * 
through the ware netting which osnu tie* nmc^ unitn fL- mb . 
inir play of each floor and ftm oNmerpimd nod.me *>f tin* • * • ? -n 
cnitfuetH, may he tested, Tim reenfdmg d*we^ m burted 4,0 5 ?b 
of the units are thus -^sternal mally tested before #mcb ,o,pd:« 
running. This Pofmg, %ibb the It unc mauc, *4!^ » p i( * P, 4, 
half 11 minute, The mercury enjo iO?> in cnmB*ns y r *1 
leiwt six. mouths, fluty about t w i*v a v*ar arc they ePoy; - 1 ,0 ' 
supplied with new mercury. 
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THE EFFECT OF THE INTRODUCTION OF 
REWARD UPON THE MAZE PERFORMANCE 
OP RATS* 

BY 

HUG-H CARLTON BLODGETT 


PROBLEM 

The purpose of this investigation was to study the efficiency 
of units of practice when unaccompanied by reward. The 
method devised was that of running two groups of rats through 
the maze: an experimental group which received no reward 
during the first part of learning, but which suddenly had reward 
introduced in the latter part of learning, and a control group 
which received reward throughout the whole of learning. The 
answer to the question as to the efficiency of non-reward units 
of practice was sought in a comparison of the learning curve of 
the experimental group (both before and after the introduction 
of reward) with that of the control group. 

LITERATURE 

Most of tbe previous experimental work on rewards and their 
relation to learning has been concerned with a comparison of the 
effectiveness of different incentives as such. The incentives have 
been sometimes different in quality, as food and escape, and 
sometimes the same in quality, as two kinds of food, or two 
strengths of induction shock. 

* This paper is an abridgment of a report entitled f ‘ The Relation of 
Reward to Animal Learning y 1 submitted in partial fulfillment of the re¬ 
quirements for the Ph.D. degree in the Department of Psychology of the 
University of California and deposited in the Library of the University of 
California, May, 1925. 
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In addition to the general experiments indicating different 
strengths of reward without much attempt to analyze further 
what really may be involved, there are three experiments or 
parts of experiments strictly germane to our present study. 

Lashley (1918), in a maze experiment upon distribution of 
practice, throws some light upon our problem. There were only 
25 rats in all, divided into four groups: group A was allowed to 
run about in the maze for 20 minutes the day before the first 
run. During training, this group was given reward at the end 
of the run. Group B was a control, run once a day with the 
incentive of food; Group C was run the same as A but was not 
allowed to correct errors; and group D was run with the incen¬ 
tive of food screened in the food box. The quickest learning 
was made by group A, the group w T hich explored the maze for 
20 minutes before the first run. The record of the control 
group, group B, w T as next best, group C was third, and group D, 
last. 

Szymanski (1918) has published a series of articles upon the 
learning of maze habits with various kinds of reward. One of 
his experiments is closely related to our problem. Three rats 
were run through a maze to their home cage in which food had 
been placed. The rats were not hungry. At the end of 61 
trials there was no reduction in time and error scores. Then the 
condition of experiment was changed so that the rats were run 
wlien they were hungry. They ran the maze perfectly in one 
or two trials. 

Simmons (1924), in an article on relative effectiveness of 
various incentives, ran a group of 10 animals under conditions 
which she designated as delayed incentive. This group was run 
for five days without incentive. At the beginning and the end 
of the sixth trial, the animals w r ere given a taste of food, such 
as was given the control group. In comparing the learning 
curves for this group and the control group, Simmons unfor¬ 
tunately combined the scores of her rats in groups of five days 
each. It is impossible, therefore, to determine the precise nature 
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of the difference in the time and error scores for the two groups 
immediately after the incentive was given to the delayed- 
ineentive group on the sixth day. This can be made clear by 
an analysis of the error curves given in her monograph. 

As will be seen from the curve (fig. 1), the mean number of 
errors during the first five days, for the delayed group, was 
approximately 2S against an approximate 10 for the control 
group. 



Fig. 1. 

Day fi, which is averaged with four following days, was with¬ 
out incentive. As a result, the second point on the curve is a 
composite of the scores of one run which was made before incen¬ 
tive* was introduces! at the* end of the run, and four runs which 
wen* made after incentive had been introduced. Obviously this 
procedure masks any sudden change on the run following the 
first reward. 

Simmons then compared the total number of trials required 
by the eontrol group and by the delayeddneentive group to reach 
the learning criterion, the total number of errors for the groups, 
and tin* total amount of time. She found that the delayed- 
inceutive group required fewer runs but that the error score and 
the time seore were greater. This is because the errors and time 
scores made during the first six runs are figured in the total. 
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She then made the same comparisons, leaving out the first five 
runs. Again she found the same results. This time, however, 
the superiority of the control group, in time and error scores, 
was less, because only one non-reward run (the sixth) was 
figured in the total. Finally, she compared trials, time, and 
errors, leaving out of account the first eight runs. In this ease 
the delayed-incentive group reached the learning criterion in 
fewer trials, and made fewer errors and shorter times. This 
shows that a very marked change in time scores and error scores 
must have taken place in the delayed-incentive group between 
the fifth run and the eighth run. And one may assume that 
this change took place on the seventh run, after reward had been 
given at the end of the sixth run. 

Attention should also be called to the fact that comparisons 
of scores for the latter part of the learning periods of the con¬ 
trol group and the delayed-incentive group contain a spurious 
feature, namely, that practice for the two groups is not constant, 
because of the much greater number of retracings made by tin* 
delayed incentive group during the non-reward period. And 
so the better final scores of the delayed-incentive group may bo 
due to a different practice effect in the first six runs. 


MATERIALS AND METIK>1)H 

Mazes. —Three mazes, A, B, and (J, were used. Ground 
plans are shown in figures 2, 3, and 4. Maze A and maze IS had 
ordinary blinds. Maze C was a two-way maze presenting as 
alternatives a long and a short path to food. 

All three mazes contained a feature not hitherto used In 
mazes. At each choice point, doors were installed which could 
be closed behind the animal. These doors were hinged at, tin* 
top and, when open, lay along the top of the alley. They pre 
vented retracings from one section of the maze to another, they 
were noiseless, and they caused no excitement in the animals, 
Their positions in the mazes are shown by the dotted lines, /J, 
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The value of this feature is fourfold: (1) it reduces the time 
of the experiment; (2) it standardizes each run by preventing: 
the rat from running through the maze several times before 
entering the food box; (3) it equalizes practice in different parts 
of the maze; (4) it tends to cause a more symmetrical distribu¬ 
tion curve of errors for a group of animals. For retracing 
tends, as such, to give some unduly large scores. 

It may perhaps be argued that this introduction of doors 
was unsound because it introduced an artificial limit into the 
problem. Every experiment is necessarily artificial. Thus, for 
example, in the ordinary maze, the experimenter “artificially” 
excludes certain “normal” cues as, for example, odors and 
distinguishing tactual factors. All that has been done, in this 
ease, is to restrict our conclusions to types of maze which do not 
allow retraeings. 

A second feature of importance which holds for mazes A and 
B is the fact that all the blind alleys in the same maze have the 
same dimensions and the same angular relationships to the true 
path. This is believed to be an improvement over the usual 
maze, in that the error scores (number of entrance's into blindsi 
are more definitely scaled. 

The mazes were constructed of wood painted dark brown. 
The walls were 8 inches high and % inch thick. The lops of (he 
alleys were covered with y 4 inch mesh wire screen. Tin* alleys 
had no permanent bottom but were plaeed on a heavy pie,-,- of 
linoleum. The wire covers and the linoleum wen' painted the 
same color as the sides. 

Animate.—-The rats were of mixed strain, black and while. 
They were raised, four to six in a group, in wire cages 10 I } 
inches in a room varying in temperature from fifi to So degrees 
Fahrenheit. They were accustomed to occasional handling at 
feeding time and when their cages were cleaned, and so they 
were not wild. They were approximately three months of a*w 
when the experiment was begun. The number of mah-s and 
females was nearly even. 
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Food. —Their food during the pre-exp erimental stage con¬ 
sisted of a mash of ground barley, bran, and table scraps* Be¬ 
ginning three days before the experiment and throughout the 
experimental period the animals were fed approximately one- 
tenth their weight of food saturated with water. They were 
given no other water. The food was a mixture of four parts dry 
bread, ground up in fine bits, one part bran, one part sunflower 
seed, and three-fourths part powdered skim milk. 

Scoring .—With mazes A and B, a rat was counted as having 
made one error if it made one (or more) entrances of as much 
as a body's length (not counting tail) into a blind, while in 
a given segment of the maze. That is, even though the rat 
entered and reentered a given blind before passing to the next 
segment, it was counted as having made only one error. 

In maze C a rat was counted as having made one error 
whenever it took the long path rather than the short path to the 
food box. 

Time was measured by a stopwatch, in seconds from the 
time the rat left the starting box until the door of the food box 
was closed behind it. 


PROCEDURE AND RESULTS 
Maze A: Groups I, II, and III 

Group I. Control. —This group consisted of 36 rats run 
once a day for seven days and allowed to eat for three minutes 
in the food box at the end of each run. They were then removed 
to another cage (not the living cage) and allowed to finish tjieir 
day's ration, after which they were returned to their living- 
cages. 

Group II. Experimental. —This group also consisted of 36 
rats. (They were litter mates of group I. Of each original 
litter, half the number were put in group I, and half in group 
II.) For the first six days , group II found no food in the 
food box and were kept in it without reward for two minutes. 
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They were then removed to another cage (not the living:-* 
where they were fed after an interval of approximately 
hour. Only then were they returned to their living:-* 
For day seven and the two subsequent, days they were t r< 
exactly like group I; that is, they found food in the food 
for three minutes and finished their day’s ration inunodi 
afterward in another cage. 



Group III. Experimental .—This group consisted of o."> i 
Like group II, they began with no reward at the end of 1 he m 
But for them such reward was introduced at the end of 
third day rather than at the end of the seventh day. 

Figures 5 and 6 present the error curves and the time eur 
for each of these three groups. And tables 1 and 2 indicate 
differences and the reliability of these differences between 
three curves on each successive day. 

Examining the error curves and tables, two points apj»< 
1. The experimental groups (11 and III), so long as t 
were without reward, did very much worse than the <-<m 
group (I). In fact, the curves for groups II and III sta, 
almost horizontal until after the day (indicated by the 
when food was introduced. 
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2. On the day after this first reward (i.e., on day 8 for group 
II and on day 4 for group III), errors dropped greatly. And 
on the second day after rew r ard (i.e., on day 9 for group II and 
on day 5 for group III) the curves had dropped almost to the 
level of the curve for the control group. 



Fig. 6. 


Examining the time curves and tables, a similar picture 
appears, save that in the case of time the sudden drops seem to 
have come on the day of the introduction of the reward rather 
than on the day after. It appears, in other words, that, although 
the rats had not yet, on that day, actually experienced the find¬ 
ing of the food, their times were shortened by the fact of its 
presence in the food box (though their errors, as has been seen, 
were not reduced). The explanation which suggests itself is 
that the odor of the food caused greater general activity and 
hence a shorter running time although it did not cause fewer 
errors. (For the rats had yet to learn just where the food was.) 
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A further question now arises. Do these sudden drops in 
errors which come after the introduction of reward indicate that 
something to be called a latent learning developed during the 
non-reward period—a latent learning which made itself mani¬ 
fest after the reward had been presented ? Obviously, if this is 
to be answered in the affirmative, one must show that the drops 
which occurred immediately subsequent to the reward were 
larger than “normal,” that is', that they were bigger than drops 
in the control curve. 


TABLE 1 

Mean Errors 


Day 

Group I 

Group II 

Group III 

Group II-Group I 

Group Ill-Group I 

Diff. 

<r Diff. 

Critical 

ratio 

Diff. 

o-Diff. 

Critical 

ratio 

1 

2.97 

2.89 

2.96 

— .08 

.23 

.35 

-.01 

.28 

.04 

2 

2.56 

3.03 

2.64 

.47 

.28 

1.66 

.08 

.30 

.28 

3 

1.58 

2.56 

2.72 

.97 

.28 

3.48 

1.14 

.27 

4.27 

4 

1.03 

2.47 

1.20 

1.44 

.26 

5.62 

.17 

.24 

.71 

5 

1.08 

2.08 

.96 

1.00 

.24 

’ 4.26 

.12 

.30 

.41 

6 

.69 

2.42 

.60 

1.72 

.28 

6.17 

.09 

.20 

.47 

7 

.30 

2.28 

.28 

1.97 

.20 

12.72 

.02 

.13 

.19 

8 


.86 








9 


.25 



















TABLE 2 


Time (Seconds) 


Day 

Group I 

Group II 

Group 

III 

Group II-Group I 

Group Ill-Group I 

Diff. 

o-Diff. 

Critical 

ratio 

Diff. 

<r Diff. 

Critical 

ratio 

2 

58.19 

84.58 

57.60 

26.39 

10.42 

2.53 

.59 

7.38 

.08 

3 

27.50 

84.86 

42.60 

57.36 

19.73 

2.91 

15.10 

3.11 

4.86 

4 

21.39 

77.72 

25.44 

56.34 

14.53 

3.88 

4.05 

5.15 

.79 

5 

16.22 

67.64 

23.32 

51.42 

8.54 

6.02 

7.10 

5.07 

1.40 

6 

13.06 

87.22 

12.76 

73.97 

19.20 

3.85 

.30 

1.77 

.17 

7 

9.97 

46.70 

8.84 

36.72 

4.04 

9.09 

1.13 

1.07 

1.06 

8 


12.46 








9 


8.61 
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The first way of checking* this was to compare the drops made 
by group II between days 7 and 8 and by group III between 
days 3 and 4 with the largest drop made by group I between 
any two days, which latter Csee fig. 5) was obviously between 
days 2 and 3. 

The results of this comparison are shown in table 3. 


TABLE 3 
Mean- Errors 



Drop in 
errors 

Difference 
between drop 
and that shown 
in Group I 

a Differ¬ 
ence 

Critical 

ratio 

Group I — Days 2-3.*. 

.972 




Group II — Days 7-8. 

1.416 

.444 

.332 

1.338 

Group III — Days 3-4. 

1.520 

.548 

.355 

1.544 


The critical ratio of 1.338 when interpreted in terms of 
probability means that if there were no real difference between 
the drops shown by group II, days 7-8, and that shown by group 
I, days 2-3, a difference between these two drops as large as that 
obtained and shown in the table w r ould occur by chance 904 times 
out of 10,000, or a little less than one-tenth of the time. It there¬ 
fore seems probable, although not certain, that group II dropped 
more on this day than did group I (control) on the day of its 
greatest drop. 

Similarly, the critical ratio of 1.544, when interpreted in 
terms of probability, means that, if there were no real difference 
between the drop shown by group III, days 3-4, and that shown 
by group I, days 2-3, a difference as large as that shown in the 
table would occur by chance 612 times out of 10,000, or between 
one-fifteenth and one-sixteenth of the time. It again, therefore, 
seems probable, although not certain, that group III dropped 
more on this day than did group I on the day of its greatest drop. 

Taking these two results together, the hypothesis that the 
periods of non-reward in groups II and III really produced 
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latent learning which became manifest when a reward was 
introduced seems well supported. 

A second way, however, of testing the validity of this hypo¬ 
thesis is suggested. It appears that it might be fair to compare 
the drops in group II and III not with the one biggest actual 
drop made anywhere by group I, but rather with the interpo¬ 
lated drops made by group I from the levels corresponding to 
those from which the drops in groups II and Ili begin. In 
order to obtain these, an interpolative procedure was required. 
This (in the ease of group II) was as follows: in figure 5 a 
horizontal was drawn to the left from the point on curve II 
corresponding to day 7, until this horizontal intersected curve I. 
A vertical was then dropped from this intersection to the X-axis. 
And a distance was thence measured off to the right, equal to 
the unit of one day. Another vertical was erected from this 
new point until curve I was again intersected, and the vertical 
distance between the two intersections on curve I was taken as 
the demanded drop. A similar procedure was followed with 
respect to group III. 

Finally, how r ever, in order to compare these interpolated 
drops on curve I and the corresponding drops on curves II and 
III, it w r as found necessary to estimate sigmas for the inter¬ 
polated drops. The sigmas obtained for the actually measured 
drops on curve I, that is, for the drops between days 1-2, 2-3, 
3-4, 4-5, 5-6, 6-7, were as follows: .237, .239, .247, .228, .190, 
and .187. It would seem, therefore, that to assume a sigma of 
.275 for an interpolated drop is more than fair. 

Comparing, now, the drops in group II, days 7-8, and in 
group III, days 3-4, with the interpolated drops in group I 
corresponding to them, we have the results shown in table 4. 

The critical ratio of 1.497, when interpreted in terms of 
probability, means that, if there were no real difference between 
* drop shown by group II, days 7-8, and that interpolated on 
the same level in group I, a difference as large as that shown in 
the table would occur by chance 671 times out of 10,000. This 
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again suggests rather strongly that the drop between days 7-8 
in group II is really greater than any corresponding drop in 
group I. It suggests, in short, that the drop between days 7-8 
was evidence of a real latent learning which had already devel¬ 
oped and was here being brought to light by the introduction of 
the reward. 


TABLE 4 
Meant Errors 



Drop in 
errors 

<r Drop 

Difference 
between drop 
and that of 
Group I 

tr Differ¬ 
ence 

Critical 

ratio 

Group II—days 7-8. 

1.416 

.232 




Group I—interpolated.... 

.877 

.275 

.539 

.360 

1.497 

Group III—days 3-4. 

1.520 

.263 




Group I—interpolated.... 

.740 

.275 

.780 

.381 

2.047 


Similarly, the critical ratio, 2.047, when interpreted in terms 
of probability, means that, if there were no real difference 
between the drop shown by group III, days 3-4, and that inter¬ 
polated at the same level of the curve for group I, a difference 
as large as that shown in the table would occur by chance only 
173 times out of 10,000. This is a very strong indication that 
the drop between days 3-4 was evidence of a true latent learning 
having occurred in group III which was brought to light by the 
introduction of the reward. 


Maze B: Groups I and II 

To make sure that the differences just discussed were not due 
to any differences between the two groups arising from sampling, 
one of our experimental groups and the control group were 
tested in a second maze. 

Thus, 22 rats of group II and 23 rats from group I were, 
subsequent to their practice in maze A, run in maze B. Both 
groups were run once a day and given food for two minutes in 
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the food box at the end of each run. The learning curves are 
shown in figure 7, and are practically identical. We conclude 
that the differences in the groups in maze A were due to the 
experimental conditions and not to native differences between 
the groups. 



Maze A: Group IV 

Granted that the results so far discussed indicate that groups 
II and III acquired a latent learning during their non-reward 
periods which was made manifest when reward was introduced, 
questions still remain as to the nature of this latent learning. 
Was it the acquisition of mere general familiarity with the 
maze? Or was it the acquisition of a something more specific? 
To throw some light on these questions a fourth group of rats 
was run in maze A, viz., group IV. 
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Group IV consistod of 10 rats. Like group II, they were 
run Tor seven days without reward and then reward was intro¬ 
duced. lint instead of being run during the non-reward period 
in the forward direction,'they were, during this period, run in 
a rererse direction. That is, they wore started at the food box 
(in this case empty, of course) and run to the starting box, 
where they received no reward. On the eighth day, their direc¬ 
tion was changed to the normal one and they wore given reward 
in the food box, as with group I. The hypothesis was that, if, 
upon being reversed to the normal direction and given reward, 
they then did decidedly better than the control group, it would 
suggest that tin* latent learning which showed itself in groups 
11 and III upon reward may have been no more than a mere 
general familiarity which might have boon acquired just as well 
through running the maze in the backward direction. If, on the 
contrary, they did not do decidedly better than the control, 
group l, when being run in tin* normal fashion, this would 
suggest that the latent learning developed by groups II and 111 
was in part at least something more specific; something which 
could be developed only by the forward going practice. 

Table a gives tin* results of comparing errors for group IV 
(when running in the forward direct ion) with those for group I. 
Figure S gives the corresponding ettrvrs for group IV and group 
1, and for group II t after reward had been introduced ). 
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It would appear that day 2 is the only one on which there 
is any significant superiority of group IV over group I. On 
that day the critical ratio of the difference in favor of group IV 
is 1.647. This, interpreted in terms of probability, means that, 
if there were no real difference between the groups, a difference 
as great as the one obtained would occur by chance 498 times 
out of 10,000. 



Pig. 8. The point of origin for the abscissae is different for each curve. 
The numeral beside each point indicates the corresponding number of the 
day. 

One is therefore led to conclude that the increased familiarity 
with the maze gained by group IY in running backward prob¬ 
ably did help to a slight extent on the second day of forward 
running. That is, group IV w T ere somewhat better able than 
group I (probably because less distracted) to make use of their 
first day’s experience in the forward direction. This superiority, 
however, did not persist. The initial advantage of familiarity 
possessed by group IV had disappeared on the third day, w r hen 
their record was no better than that of group I. 

Compare, now, in figure 8, 1 group IV with group II after 
the latter were rewarded. Group IV ran the maze for seven 
days without the ££ expectation” of reward in the backward 

1 A comparison in terms of sigmas of the differences and critical ratios 
of the differences indicated in the figure was not presented in the table 
because at the time this final report was written, the original data for 
making such a comparison were no longer available. 
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direction, (iroup U ran it for seven days without the “expecta¬ 
tion” of reward in the forward direction. Comparing? day 8 
of group IV with day 7 of group II, it seems evident, that the 
non-reward forward-running is the more helpful." Six days 
of it is more valuable than seven days of backward-running. 
Further, not only does the non-reward forward-running give 
group II a decided head-start over group IV (which had had 
only backward non reward running), but it also seems to cause 
them to continue to learn faster. In only two days group II 
accomplished an error elimination which it took group IV six 
days to achieve. Evidently the latent learning which group II 
developed as a result of their non reward forward-running was 
decidedly more than the prnrcal fa aid tacit p which group IV 
seems to have acquired from their non reward backward-running. 


C ’oNeur,sin\\s 

1. Non reward running definitely develops a latent tracaiap, 
and such latent learning is made manifest when reward is 
introdueed, 

2, Furthermore, it is evident that this latent learning is 
something more than a general familiarity stieh as might be 
aequired by baekward running through the maze, 


Tin; Two*W ay Mazk 

A further quest ion now arises. < liven this latent learning, 
what are the laws of it s aequisition ! There is a well known doe- 
trine of animal trial and error learning, viz., that tIn* selection 
of tlit* right path is either wholly * or in large part 1 dependent 
upon a greater frequeues or recency of exercise upon the eorreef 
path than upon any <me of the ineorreet paths, Watson has also 

- Although* jin! wentkm<nl t we have tint the critical ratio for tlie 
dilfcrcricc, 

’* This b, or wars Wat ion b ( 1014 t content ion, 

* This in one way in which Thorndike *n (HU11 familiar law of exerrhe 
is frequently interpreted, 
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attempted to show that the situation in the ordinary maze is 
such as, by chance, to cause the animals to have greater fre¬ 
quencies and recencies upon the segments of the true path than 
upon the blinds. 

It seemed worth while, therefore, to try a different type of 
maze—a maze, that is, which could not, by the most strained 
interpretation, be supposed to give, as a result of chant*, any 
greater exercise on the correct path than on the ineorreet pat In 
Such a maze is maze 0 (see fig. 4)/ We now turn to the eon* 
ditions and results for maze C. 


Maze C: Groups V and VI 

Two groups of rats were run on maze (5 as follows: 

Group V. Control .—This group consisted of 2d rats. They 
were run once a day for sixteen days. They were allowed to eat 
for two minutes in the food box and were then remo\«*d to 
another cage (not their living-cages) and allowed to finish their 
day’s ration, after which they were returned to their livimr 
cages. 

Group VI. Experimental.— This group consisted of 21 rids 

(litter mates of those in group V). For the first sixteen days, 
they found no food in the food box hut were kept in it without 
reward for two minutes. They were then removed to another 
cage (not the living-cage) where they wen* fed after an interval 
of approximately one hour. Only then wen* they finally re 
turned to their living-cages. At the end of the sixteenth days 
run and on the runs on the four successive days, food was given 
in the food box in the same manner as with group V, 

For about half the animals in each group, food box 1 on the 
left (see fig. 4) was used. And for the other half, food box 2 
on the right was used. This was to eliminate ho far as possible 
the effects of odor and tracking. 

n This fact, that mazes such as (\ which present alternative eoro-et. 
paths (one better than the other) rather than a t-orrerf path nn<i hfnoU 
do not, through the laws of chance, offer anv greater fmiuenev of ♦♦xetrisi* 
upon the finally chosen path than upon the finally dmrarded path, * h*^n 
previously pointed out by Kuo (1922) and by Hams and Telman <’ UniU 
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^%ng .—When a rat had passed the bifurcation into either 
^^ter or the longer alley, the trapdoor was closed and he 
‘^x-ed as having chosen either “long’ 5 or “short. 7 ’ His 
^om the starting box to the food box was measured by a 
^tch. 



Jto. of day 

Fig. 9. 


a results, in terms of numbers of “long” choices made by 
>i_xp as a whole, are shown in tables 6 and 7 and in figure 9. 
indicate a gradual improvement for the control group but 
.title improvement in the experimental group until reward 
ven, and then a very sudden improvement. That is, the 
.1 character of the results obtained with maze A were 
txtiated. 

rthermore, as table 8 shows, there was very little greater 
xgr of the short path by the experimental group until after 
ward was introduced. In other words, the latent pro- 
y of group VI to take the shorter route, which was made 
js*fc as soon as reward was introduced, was developed in 
xx*se of exercise which only slightly (if at all) favored this 
c route. It seems evident that the practice which devel- 
Latent learning did not achieve this latent learning by 
of the action of selective frequency. 
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TABLE 6 

Improvement op Scores by Group V 


Number 
of run 

Number of 
“long” choices 

Chance 

score 

Difference 

a Difference 

Grit sen! 
now* 

1 

10 

11.5 

1.5 

3.38 

. u 

2 

13 

11.5 

1.5 

3.38 

,44 

3 

13 

11.5 

1.5 

3.38 

. 44 

4 

9 

11.5 

2.5 

3.35 

, 75 

5 

8 

11.5 

3.5 

3.31 

l. or. 

6 

6 

11.5 

5.5 

3.19 

1.72 

7 

8 

11.5 

3.5 

3.31 

urn 

8 

6 

11.5 

5.5 

3.19 

1,72 

9 

4 

11.5 

7.5 

3.01 

2.42 

10 

5 

11.5 

6.5 

3.11 

2 09 

11 

5 

11.5 

6.5 

3.11 

2 OH 

12 

3 

11.5 

8.5 

2.89 

2 HI 

13 

2 

11.5 

9.5 

2.75 

3 45 

14 

1 

11.5 

10.5 

2.59 

4 05 

15 

2 

11.5 

9.5 

2.75 

3 45 

16 

1 

11.5 

10.5 

2 59 

4 05 


TABLE 7 

Improvement op Scores by Group VI 


Number 
of run 

Number 
of “long” 
choices 

Chance 

score 

Difference 

«r Difference 

C'rtf ictil 

rut m 

1 

13 

10.5 

+2.5 

3.20 

7s 

2 

10 

10.5 

- .5 

3. 24 

, 15 

3 

9 

10.5 

— 1.5 

3 22 

,40 

4 

13 

10.5 

+2.5 

3,20 

„ 7 8 

5 

11 

10.5 

+ .5 

3.24 

, 15 

6 

7 

10.5 

-3.5 

3. 15 

i u 

7 

8 

10.5 

-2.5 

3 20 

,78 

8 

10 

10.5 

- .5 

3 24 

. 15 

9 

10 

10.5 

- .5 

3,24 

, 15 

10 

14 

10.5 

+3.5 

3.15 

L 11 

11 

9 

10.5 

— 1,5 

3.22 

. 40 

12 

7 

10.5 

—3.5 

3 15 

III 

13 

9 

10.5 

-1.5 

3 22 

,40 

14 

10 

10.5 

+ . 5 

3.24 

15 

15 

7 

10.5 

-3.5 

3.15 

1 ii 

16 

11 

10.5 

+ .5 

3 24 

, 15 

17 

4 

10.5 

+6.5 

2,90 

2 24 

18 

2 

10.5 

+8.5 

2 m 

3 20 

19 

2 

10.5 

+8.5 

2,66 

3 20 

20 

2 

10.5 

+8.5 

2 00 

3 20 
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SUMMARY 

1. Hats rim under a non-reward condition learned much 
more slowly Ilian rats run under a reward condition. This held 
for both errors and time, 

lb tints previously run under a non-reward condition, when 
suddenly rewarded made a great improvement. <hi the lirst day 
after the introduction of the reward their drop in mean error 
was greater than that made by the conirol group on any single 
day. 

This fact seems to indicate that, during tin* non-reward 
period, the rats were developing a laft nt learning of t he maze 
which they were able to ut ilize as soon as reward was introduced, 

I. This laieut learning, however, was something more than 
a general familiarity with the maze such as might be acquired 
by running through it in a backward direction. For a group of 
rats run through baekward under non reward conditions did not 
show any such improvement when run through in the forward 
direetion and rewarded, 

fn It was demonstrated by the use of the two-path maze that 
the latent learning which was developed under mm reward con¬ 
ditions and was made manifest as soon as reward was introduced 
was not the result of any very consistently greater frequency of 
tin* correct over the incorrect path during the non reward period. 
It resulted, that is, from a non reward practice whieh favored, 
almost equally, both the “ incorrect and the "correct” path. 
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INTKOMVTION 1 

In ii preliminary study in discrimination of maze pat terns, 
the writer* found that the rut was aide to discriminate two maze 
patterns and pivfermt a pentagon to an equilateral triangle of 
equal length, Why the rat did so is the next quest ion to lie 
answered, The present study was undertaken in order to find 
an answer. 

Tip: Phohbkm 

In order to find out why the rat preferred the pentagon to 
the triangle a further question suggested itself, What patterns 
other than an irregular pentagon wilt the rat discriminate from 
and prefer to an equilateral triangle of the same length. The 
following experiments at tempt an answer to thin latter question. 

i This paper was wet fit the eighth annual meeting of the Western 
Psvehologienl A shoo intern at Ktanford P?uv eraity in August, BU5H, Pur 
lug the experiments vnhwhle eritieimn and suggestions were reeeivetl 
from Pro feasor h\ <*, Totnuin and Professor Warner Brown, Professor 
(U At, Htmftmi kindly assisted in the preparation of the miunweripi, To 
ntt these tin* writer expresses his grateful appmdisfiom 

<*, Yoshtoka, * * A Preliminary Study in PimuimimUton of M nxe 
Patterns hy the Bat t M i'tihf* PuhL Vn}n*h**U t vol, *1 (UdJHt;! -is, 
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APPARATUS AND METHOD 
Maze 

The same maze as in the preliminary stndy {op. cit., p. 4, 
hg“. 1) was nseci with modifications. Because any pair of paths 
offered for choice should be of equal length, the possible modifi¬ 
cations were limited. Tbe patterns shown in figures 1—7, however, 
fulfilled this requirement: an equilateral triangle; an irregular 
pentagon formed by joining the three midpoints of the three sides 
of the triangle (it stands on the same base as the triangle, and is 
composed of two equal equilateral triangles of one-fourth of the 
area) ; an irregular nonagon formed by joining consecutively the 
six midpoints of three sides of each of the two equilateral tri¬ 
angles forming the pentagon (it stands on the same base as the 
triangle, and is composed of four equal equilateral triangles of 
one-eighth of the area) ; an irregular heptadecagon formed by 
joining consecutively the twelve midpoints of three sides of 
each of the four equilateral triangles forming the nonagon (it 
stands on the same base as the triangle, and is composed of 
eight equal triangles of one-sixteenth of the area) ; an irregu¬ 
lar pentagon No. 2 formed by cutting a little notch, 10 inches 
deep, at one vertex of the triangle. In each pair a more com¬ 
plicated path is inscribed within a simpler one, and the begin¬ 
ning of the inscribed path lies on the right side. As in the 
case of the pentagon in the preliminary study, the inscribed 
paths, having more turns, tended to be shorter because each 
turn in the inside path saved the distance of eight inches for the 
rat, that is, the width of two paths. To minimize this shortening, 
the- turning points of the inscribed paths (midpoints of the 
sides), as before, were shifted far enough toward the apex to 
lengthen the inside paths to match the outer ones. 
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Experimental Procedure 

The procedure was that followed in the preliminary study 
except that in the choice series the daily-practice-method was 
exclusively used. In the preliminary period the rats were given 
forced running through each of the two paths alternately three 
times daily for four days. Each path was thus run twelve times. 
After this preliminary training each rat was given free choice of 
the two paths six times daily for ten days; that is, sixty choices 
in all, by the daily-practice-method. This latter method (see the 
preliminary study) consisted in forcing the rat through each 
path once just before the daily free choice schedule. In the pre¬ 
liminary study this method was found to be a superior one to 
bring out true discriminatory propensities. The short forced 
daily exercise seemed to remind the rats of the characteristics of 
the tw r o paths, and thus helped them to discriminate between 
them. The scores were the frequencies of the choices of each 
path within the total choices of sixty. 

The experiment was carried out in the academic year of 
192/—1928 in the Psychological Laboratory at the University of 
California. The rats were descendants from the stock of the 
Wistar Institute, reared in the laboratory or in the department 
of anatomy. At the beginning of the experiment they were five 
to six months old. Only male rats were used. Nine experiments 
were carried out, each experiment using thirty rats, except 
experiment VIII, in which 157 rats were used. The experi¬ 
ments I-VII required a new group of thirty each • the group 
of thirty used in experiment I was later incorporated in the 
group of 157 in experiment VIII; a group of thirty used in 
experiment IX was selected from 157 in experiment VIII. The 
total number of the rats used was 237. 
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EXPERIMENTS AND RESULTS 
Experiment I: Three versus Three Sides 

In looking over the results of the preliminary study one 
observes that the preferred path, the pentagon, begins on the 
right side. Perhaps in the majority of rats a mere position-habit 
of going toward the right may have resulted in the preference 
for the pentagon as shown by the group means. To allay this 
reasonable suspicion experiment I was carried out. In it the 
two paths offered for choice were parallel equilateral triangles, 
one running alongside the other all the way through (fig. 1). 
Theoretically there should be no discrimination; each path should 
by chance be taken just as often as the other. This prediction 
w r as verified. The mean frequency of the choice by thirty rats 
of the right triangular path in sixty choices for each was found 
to be 29.13 ± 2.57 (table 1). It is a close approximation to the 
theoretical mean of thirty. The reliability coefficient obtained 
by correlating the odd days with the even days was .95 ; 3 that 
obtained by correlating the first half of the days with the second 
half of the days was .77. Within the first and last halves th^ 
coefficients were .89 and .93, respectively, by the odd-'us.-even 
method. The inter correlations were fairly high throughout. 

Where there was no difference in pattern and length between 
the two paths, the rats, considering the group as a whole, failed 
to discriminate them. Hence the preference for the pentagon 
shown in the preliminary study could not have been due to a 
mere position habit of going toward the right. 

3 This reliability coefficient and others that will he cited hereafter are 
the corrected coefficients by Brown’s formula. The reliability coefficients 
are given in full in table 2 ; the intercorrelations in table 3. No further 
reference to these will be made except where an argument needs their 
support. 
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Experiment II: Three verses Five Sums 

Another thing that one notes, in analyzing tin* two patterns 
(triangle and pentagon) in the preliminary study* is the posh 
tions of the first turns of the two paths. Ah shown in tin* tig art* 
of the maze, the two paths start parallel one to the either* and 
the pentagon diverges from the triangle at the midpoint of the 
first side (side a), lienee in tracking tin* pentagonal path u rat 
makes the first turn direeted toward flit* fond box half n mb* 
sooner than it does when it follows the triangular patio Thin 
“quicker” orientation may have entered into the preference for 
the pentagon. If so, a shift of the position of flits diverging 
point of the pentagon should influence the preference 

In this experiment the diverging point of the pentagon from 
the triangle was placed on the second side* that is, further away 
from the starting box (fig. 2). ITider this condition the rutn hud 
to run along a side and a half before the pentagon diverges from 
the triangle, and so if the diverging point had something to do 
with the choice, it would presumably la* more difficult to din 
criminate such a pentagon from the triangle. Tin* result showed 
that the mean frequency of the choice of tin* pentagon by thirty 
rats in the total choices of sixty for each was Ilfflt? * 2ftT The 
difference between this mean and the theoretical mean of lift >■ 
3.87 is 6.36,1.41 times the sigma of the difference, a fairly xignifir 
cant difference in favor of the pentagon (table 1 >, Compared 
with the results in the preliminary study tin* erifteait ratio 
dropped. Hence in discriminating the pentagon from the tri 
angle the rats seem to have depended upon the position of the 
first diverging point of the pentagon, Hut is thin point the 
only cue! If so, a shift of this diverging point should result in 
a corresponding change in the degree of preference* even whm* 
the pattern is modified. In other words, the discrimination 
far observed is more a function of the diverging point than a 
function of the pattern as a whole, The next experiment is a 
test of the point just raised. 
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Experiment III: Three versus Nine Sides 

The rats in this experiment were made to choose between the 
the triangle and the nonagon. The first diverging point of the 
nonagon (fig. 3) is located on the second side of the triangle, one 
quarter of the length of a side closer to the starting box than 
that of the pentagon, and the number of turns in the nonagon is 
twice as many as in the pentagon. If the first diverging point 
of the complex pattern is the only determining factor for the 
choice of the latter, the nonagon in this case would be preferred 
to the triangle to a greater degree than the pentagon. The result 
showed that the mean frequency of the choice of the nonagon by 
thirty rats in the total choices of sixty for each was 37.67 ± 2.60, 
7.67 above the theoretical mean of thirty (table 1). The differ¬ 
ence is 1.64 times the sigma of the difference. 

Between the two critical ratios, 1.41 and 1.64 in experiments 
II and III, respectively, there is no significant difference. In other 
words, the nonagon was no more preferred to the triangle than 
the pentagon to the triangle. The first diverging point of the 
nonagon, however, was one-quarter of the length of a side of the 
triangle closer to the starting box than that of the pentagon. 
Perhaps the shift of the diverging point was not large enough to 
result in a greater difference in preference in these two cases, or 
else the two patterns, the pentagon and the nonagon, are too 
complex for the rats to discriminate one from the other. The 
next experiment is a test of the second hypothesis. 


Experiment IY: Five versus Nine Sides 

The rats were made to choose between the pentagon and the 
nonagon (fig. 4). It is found that the mean frequency of the 
choice of the nonagon by thirty rats in the total choices of sixty 
for each was 30.33 ± 2.89 (table 1). This much might be 
expected by chance. 
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The rats failed in diserimhmtion between the pentagon and 
the non agon. This failure points toward the existence of a flirt's* 
hold in discrimination of maze patterns. An increase in com¬ 
plexity in patterns beyond a certain point results in failure of 
discrimination. To be sure of this statement and also to see tie* 
effect of a greater shift of the diverging point the next experi¬ 
ment was carried out, in whielt a more complex pattern with the 
diverging point closer to the starting box was offered iW choice, 

Expbhimknt V: Tiiukk voters Skvi'nti:^ Mtoi.s 

The rats were allowed to choose between the triangle am! tin* 
heptadecagon (fig. o). From the results of tin* loivg.nttg expert 
ments we should expect that the heptadeeagun would he preferred 
to the triangle, hut no more than the pentagon and the muumoo 
were preferred to the triangle. The result showed that the mmm 
frequency of the choice of the heptadecagon by thirty rats in the 
total choices of sixty for eaeh was i\ t, Ml * AA! t table I fu 
above the theoretical mean of thirty. Tin* difference is tffJl tone > 
the sigma of the difference, a barely significant ditTrfvitee, 

The rats did not prefer the heptadecagon to the triangle as 
much as the [)cntagon or the nonagon, although the tir4 dfumq 
ing point of tin* heptadecagon is much closer to the darting ho v 
This result excludes the hypothesis that the tlrst diverging point 
is the only cue, by which the discrimination is made, Ah oliowit 
in experiment II it has some influence in the choice, tmf is not tie* 
only factor that determines the choice. Tie* drop in preference 
in this experiment needs some explanation. From the rc’OfSm 
of the foregoing experiments the rats would Inns* been expected 
to prefer the heptadecagon to the triangle m frequent!) aw A 
not more often than, they chose the pentagon and ftm imtiitmm 
Why the heptadecagon was not preferred ns much ns these hint 
two figures may he due to the following reasons: In rnnmac 
through the heptadecagon the rats had to turn sixteen Hum-i in 
quick succession because all but one of the sides of the figure 
were very much reduced in length. This xi# mu pasnage atitey ed 
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the rats a great heal; especially when they put on some speed. 
Often they humped their noses against the wall at the turning 
because their effort to dear one turning compelled them to dash 
forward and carried them on too close to the next turning to 
make another successful twisting. In the training period it took 
three times as long to make them go through the lieptadecagon 
as to force them through the triangle. This motor difficulty may 
have decreased in part the preference for the lieptadecagon. 

In comparing the two critical ratios, 0.97 in this experiment 
and 1.41 in experiment II (3- vs. f> side discrimination), there is 
no significant difference. Hence between the pentagon and the 
lieptadecagon we should expect little or no preference. The next 
experiment tested this expectation. 

Hxpkiumknt VI: Fivu vunsps Huvhntuhn Hums 

The rats wore made to choose between the pentagon and the 
lieptadecagon ! fig. til. It was found that the mean frequency of 
the choice of the lieptadecagon by thirty rats in the total choices 
of sixty tor each was 32,13 1 2,00 (table' 1), 2.13 above the 
theoretical mean of 30. The difference is only 0.4(1 times the 
sigma of the difference; it is not significant. 

Summarizing tIn* results so far; the rat prefers in general a 
more complicated pattern to a simpler one, but there seems to be 
a threshold in the complexity of pattern to be preferred. Why 
this is so is still a mystery. As we go from the triangle to 
the heptadeeagon, the following geometrical relationships hold: 
flic number of sides arid angles increase proportionally to the 
series ( 2" | l * ; the area decreases proportionally to the series 
( UP 1 ; the first diverging point of the more complex figures comes 
closer to the starting box, proport hum! to t ho series (”; the 
sides of the polygons except the base, which remains constant - 
d(*erease proport ionally to t he series ( U) r \ These relationships 
are shown in tin* following table, along with the critical ratios 
obtained in the diserimhnition of each of these figures from the 
triangle. 
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OEOMETOIOAL B®2,ATK>NSIiIF IN THE PATTEitNH 
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definite order, hut the critical ratios show no definite \umiem 
If the discrimination depended mainly upon some .ximpio 
processes, the critical ratios would he expected to \a v\ more 
regularly. If they should increase or decrease in an itmfburntma! 
series, Weber's law would hold here since the patterns are tvbm-b 
one to another in .^cornetrical scries. 

In the foregoing* experiments it is noted that the notiuemn was 
discriminated from the triangle, hut not from flic pentagon, the 
hepladeeagon was discriminated front tin* triangle, tup mo frou; 
the pentagon. In short, tin* rats discriminated the triangle from 
the other figures, hut, did not discriminate these three from on** 
another. This analysis indicates that it threshold in disenomm- 
fion of maze patterns by the rat lies somewhere between tie- 
triangle and the pentagon under otir experimental eondifome 
anti an increase in mere complexify of physical eJetoetiN m 
patterns failed to stimulate the rat proportionally. In order r* 
set* what maze patterns other than those which are complex ih^ 
rat can discriminate from the triangle the follow mo: exyerunmo 
was carried out. 
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Kxpkhimknt VII: Tuukk vkusus Fivh No. 2 

The pentagon No. 2 was formal by euttlng a little notch, ton 
Inches deep, at one vertex (fig. 7). This pent agon differs very 
slightly from the triangle. Hxeept the little twist, at the notch, 
the path lies parallel to the triangle all tin 1 way through. The 
rats were given the choice between this pentagon No. 2 and the 
triangle. It was found that the mean frequency of the choice of 
the pentagon by thirty rats in tin* total choices of sixty for 
each was do,12 * 2d»S (table l \ , o, 12 above the theorctictd mean 
of 20. The differenee is l,00 times the sigma of the differenee. 
In eomparing this with the preference shown for theiirst penta¬ 
gon, the erifieat ratio fell from 1,41 to 1.02, hut 1,02 is yet; a 
tolerably significant differenee. 

In this situation tin* cues in tin* two paths, triangular and 
pentagonal, differ the least; and yet tin* rats were able to dis- 
eriminnte between the two. This result invites a more critical 
study in the same situation, Mo far tin* variability in perform¬ 
ance has been controlled slat is!ieatly, that is, each group dis¬ 
criminating any pair of pat ferns had a mmdk*r of eases sueh 
that the group means wore relatively stable and dependable, 
although within the groups the individuals differed widely in 
their choices. And the group means obtained showed certain 
consistencies as to tin* power and limitation in discrimination. 
Hut in order to explain such consistencies, and to discover the 
causal factors that enabled the rats to discriminate and prefer, 
an experimental control of variability in performance is of 
utmost importance. The next two experiments were made with 
this point in mind, 

Kxnnm.M nvrs V!11 \xu IX: Thwkk vkusps Ftvu No. 2, with a 
S tum ('onthoMiKo ilumti* 

In experiment I, thirty rats were given choice between two 
pruetieidly identical triangles, and as was expected* they failed 
to discriminate between the two. The individual records show. 
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however, that some rats chose the path on the right consistently, 
while others chose the path on the left consistently, and only six 
chose one path as often as the other; so that in sixty choices they 
scored nearly thirty on each path. There were, however, as many 
that chose the right as the left, thus making the group mean close 
to the theoretical mean of thirty. In experiment VIII the orig¬ 
inal group of thirty rats was expanded to 157. These rats chose 
between the two triangular paths just as in experiment I (fig. 1). 
The mean frequency of the choice of the right-hand path by this 
large group was 33.05, which is within the standard error of the 
theoretical mean of thirty (table 1). As far as the numerical 
values of the means, reliability coefficients, and intercorrelations 
are concerned, there is a very little difference between the first 
group of thirty and the expanded group of 157. This shows that 
what is true for thirty holds equally well for 157, and proves that 
the original group of thirty was a random sampling as far as the 
discrimination in patterns is conceived. 

In experiment IX (a) the individual records of the 157 rats 
were examined, and the rats whose gross scores fell within the 
standard error of the theoretical mean of thirty (i.e., from 26 
to 34) were selected, and their scores were retabulated. There 
were thirty of these. It was found that the mean frequency of 
the choice of the right-hand path by these thirty in the total 
choices of sixty for each was 30.27 ± 0.49 (table 1). The 
reliability coefficient by the half-t;s.-half method was —.88; the 
same by the odd-^s.-even method, —.63. Within the first and last 
halves the coefficients were .50 and .53 respectively by the odd-'u^.- 
even method. These results show that those scoring high in the 
first half scored low in the last half, or the low scorers in the first 
half scored high in the last half. Between the scores on the odd 
days and on the even days, the same reverse relation holds. 
But within each half the scores on the odd days are correlated 
positively with the scores on the even days. The coefficients are, 
however, in the neighborhood of .50. These correlations consid¬ 
ered together indicate relatively unstable performance through- 
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out. The intominvlations show a similar instability. The 
diagonals ar«> not corrolatfil; tho initial days trial to bo no^a- 
tivoly oorrolatod with tlio final days. Thoso low oorrolations aru 
oxpeclt'd, sitiff tho rats worn selected on Iho hasisof ohanoo scores. 

In experiment IX l h i thoso thirty solootod rats wort' mado to 
ohooso hot woon tho triamdo and the pentagon No. 2 (litf. 7). Thoy 
woro yivon trainimr in oaoh path as usual before tho ohoioo sorios. 
Tho rosult showoil that tho mean frequency of tho ohoioo of tho 
pentagon No. 2 by thoso thirty in tho total ohoioos of sixty for 
oaoh was :M5..’«n » 2. It (table If. Tho roliahiiity coefficient by 
the half i's. half method was ,T2 ; the* mint* by tho odduvsveyon 
nu»t ho« L T7, W it id n Hit* first amt last halvas the coefficients 
were Jil arid respectively. The high reliability in further 
attested ity the h iirti intereorrelrttions. In eon trust to what they 
did in tho preceding experiment the rats showed a very highly 
stable behavior in this experiment, The correlation between the 
two .series of individual see res was as low ns ,1b. 

( ’ompariug tie* two means in and ( h i we find that, when 
ttie right hand path wim the triangle f i,e M the same as the alter*, 
nnte left paths the rats elmse this 110,27 times out of (10, but when 
it was changed to the pentagon, they chose this db.nO times out 
of b0» The difference between these two means is highly sign iff 
emit, the eritteal ratio being as high as 1,10. This high diserimh 
nation and preference shown by tin* self emit rolled group strongly 
supports the former conclusion that the rat can discriminate 
mime patterns, and indicates that the evidence presented to sup- 
jiort tliin conclusion was nut dm* to the aeeidentnl selection of the 
particular group. 


Sl'MMAUY ANI> (*OXt*hl # SIOX 

1. The rut discriminated tin* pentagon from the triangle and 
preferred the pentagon, 

■JL The rat ilmvnminntnl the mnnigon from the triangle and 
preferred tin* rnmagon, but the preferenee shown for tin* nonagon 
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was not any greater than the preference shown tor the pentagw 
The rat failed to discriminate between the pentagon and wmagur 

3. The rat discriminated the heptadeeugon from the triamrl 
and preferred the heptadeeagon, hut tin* preference shown to 
heptadeeagon was not any greater than the preference shown In 
the pentagon. The rat failed to discriminate between the pen 
tagon and the heptadeeagon, 

4. A threshold in discrimination of maze patterns used in lit 
present experiment seems to lie between tin* triangle and tli 
pentagon. The patterns more complex than the pentagon eotth 
not he discriminated from one another. 

5. The rat discriminated the triangle from the pentagon No, i 
which was formed by cutting a little notch at one vert#*\ of tli 
triangle, 

6. The possibility of the choice of tin* paths by a titer 
position-habit was excluded by; a group of thirty rats mu 
also another of lf>7 which failed to show pretVrenee for the ngh 
or left path when both were identical in pattern; and ij* > the ru 
chose the nonagon when it was lying on tin* rigid hdo of tli 
triangle, but did not choose it when it was on tin* right side o 
the pentagon. Tin* heptadeeagon on the rigid Vde of the truing! 
was chosen, but the same pattern on the right side of the pen?agm 
was not chosen. 

7. It is concluded that the rat prefers in general a more coin 
plex pattern to a simple one within the limits of dwerindualnlity, 

* The answer to the question why the rat dctunl the preference 
In these experiments is not ready, 7w « poeobifn ovq iHHO-o-r, one * >*a 
mdered at present, (i) Orientation; the emnpte* gut Menu m at n e* 

the rat more directly hark to the fetid Imx; that it, the e»tn|’h t p„eh 
are seemingly the easiest ami the need direet rente lu , fnffWmih i 

cues; the complex patterns that lequire more ddtwnU meter mini A men 
in order to go through them, may ghe the mt iko»* rmv, *r»wml-** 

the paths by. A further experiment hearing upon iho#*- peinfi m tinde 
way. 
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STATKMKNT of FHOHUm 

Tilt 4 present research is ittt tit tempt to verify Weber *8 Law 
in the discrimination of maze distance by tin* white rat, ami 
tries to tinnier the following' question: Loos the relative degree 
of discrimination of mn/e distance by the white rat remain 
constant with change* of absolute length of path! < )r, more 
specifically : Liven a long path L and n short path S\ whose 
difference in length is </,* does the number of the choices of 
the short path remain the same when hath the long and short 
paths are doubled in length with ft consequent doubling of their 
differencei 

• Tin* paper ifi ini ahrlOgHiieiit of n the>0n itthttuffed to the Impart meat 
tif P>n ehologv, t Olive 170 t f v of rutifunoii, HOW, m part in l fulfillment nf the 
degree uf portm of Phdo?mph>, <‘opie^ of the original thesis are on file 

»f the Pimrrsitv fohnir) met the Pepnrhuent of Psychology, Pro fewer 
M, i Totfiiufi super* tse»i the o%prrlifieiit throughout, Pro fewer Warner 
ttrowii gate man* helpful suggest tens. To the statist hud treatment, t>r« 
fOiiiiioiot Pntu/cn and In, Porofhy Nv^wiiteter gave nmeti time iniil 
thought, To ult of the*e% the writer wishes to express hht great Indebted 
tie** ami appreciation, 

» t* S *1, After doubling, l*J* US -Of, 
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HISTORICAL 

Animal psychophysics has little or no history, but a briof 
survey of the literature that led, direct ly or indirectly, to the 
inception of the present problem will be timely. 

Yerkes (1907) tried to verily Weber’s Law in vision in 
a dancing* mouse. Only one daneer was used. The apparatus 
was the Yerkes discrimination box, whose alleys were Ibfhted 
differentially by reflected light. The rat was taught to chM««-»* 
the alley lighted by the variable light. The ehojee of the alloy 
lighted by the standard light brought with it an eleetrie shook. 
The criterion of learning was 75 per rent or more of correct 
choices. Fifty or one hundred trials were given in a suede 
sitting. Yerkes showed that under these experimental condition, 
the dancer was able to discriminate difference of light uueitMfm 
of 10 per cent, or, more specifically, the dilTereuees between 
and 72 heftiers, 20 and IS hefners, and 5 and 1,5 hofiier* 
Yerkes concluded that Weber's Law probably holds. With **nl> 
one subject and with some incousisteueios in the result u 
stronger assertion could not justifiably he made, 

Watson (190/) found that the rat depends mainly upon 
kinaesthetic sensations in mazedearning. The deprivation of 
olfactory, tactual, visual, and auditory senses did not append 
ably decrease the rat’s learning ability for a, Hampton < ‘our? 
maze. Although Vincent (1915a, 19155, lPLVt, r mT i JPWe, 
19176, 1917c), and Richardson {1921) later proved that the 
rat could use other sensory cues to advantage in a ma/e solution, 
Watson s conclusion could by no means be entirely merthrown. 
If kinaesthesis is the main sense upon which the rut depends 

in finding its way in a maze, then distance would lit* an bnpor 
tant factor. 

De Camp (1920) devised a maze with no Mind, in nr,in¬ 
to find out the role that distance plays in maze solution. .Maze ,\ 
was rectangular in shape, maze B eirenlar. Both eoudste.i „i 
a circuit alley, like a race track. A movable food box eouhi be 
placed at any point on the circuit alley, so that its distance from 
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tht> fixed starting box might hr varied at will. This arrangement 
is such that, except when the food hex is at the diametrically 
opposite point to the starting box, the circuit route in one <iirtM* 
tion is shorter than the similar route in the other direction. 

Further, the nearer the food box is to the starting hem, the 
greater is tin* ratio of the short path to the long* path. The same 
ratios were tried in both directions, right and left, in easier to 
control the space error, Fight rats were used. l)e Damp eon 
eluded that tin* differential timen, I)L I the difference bed ween 
the lengths of the long and short paths divided by flic length of 
the Iona: pathi is JO, 

Tin 1 criterion of learning adopted hy He Damp was that the 
rut was ** clearly taking i preferring* the shorter path/" This 
criterion lacked the objectivity really needed for the defermina 
fion of a 1 Ho lint, taking Ids tables at their face value, they 
show that one rat had it lib of JO in mime A, where tin* long 
path wns to inches, and two other rids hud the same Dh in 
mime It where tin* loan path was J17 inches, A constancy of 
the Dli with the change of absolute length was here indicated, 
which is the essence of Wehor \ Daw, Fufortuuntely his deter¬ 
mination* were not reliable, ami moreover, Ids own dismission 
41 i<I not extend to fids hitter phase of the problem. 

Kno i IhkT k with a four eompnrfment mum*, showed that 
distance was effective only after other factors had been elim 
mated. The first eompnrltneiit led into a true path, which was 
the shortest route to food, The second compartment led to 
food by a roundabout way, The third confined tin* rut for 
twenty seconds. The fourth gave an electric shock, It wain 
found that the fourth compartment was eliminated first; tin* 
third, next; tin* second, last.. Duly after the electric shock com 
parfmenf ami the confinement compartment had been eliminated 
Hitt the distance factor demonstrate itself. Tins finding suggests 
that two paths should he made as nearly alike as possible except in 
length, if n dear etif result in distance discrimination is desired, 

Xo other work has been found winch tins a direct hearing 

cm flu* present problem. 
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METHOD AND APPARATUS 

Method — 

The method used is that of right and wrong eases. Tin* 
choice of this method was based upon the following reasons, 

(1) The simplified form of this classical method fan !»«• 
approximated in animals without violent deviation from Dm 
procedure prescribed by Jastro w\ 

(2) Weberns Law can be verified without determining 
the DL. 

(3) The practice (the number of runs) can be mad** eon 
stant and conveniently short so that the matiieuiatieal treatment 
of data is simplified and, moreover, reliable. 


Apparatus — 

Two mazes, maze I and maze II, were used, The plan of 
maze I is shown in figure 1. It is essentially a fwomliev dm 
crimination box in the shape of a toadstool. The straight p«m 
tion is made of dressed redwood, three quarter inches by vmi 
and one-half inches; the semicircular portion is made <d yni 
vanized sheet iron, seven and one-quarter inches wide. At the 
base of the maze is the food box, F. The food pan, /' i» , i, 
placed near the baseboard, equidistant from the two sides. The 
food box has three doorways: entrance at the center; /y e **xit 
on the right side; exit on the left. Each doorway* is four 
inches wide, having a galvanized sheet iron door seven and aa<* 
quarter inches by tour Inches, which fits m grooves in the side 
posts, one inch by one inch by fifteen inches, nailed on eneb *m|e 
of the doorway. The door can he pulled up and down quietly 
by a cord. The entrance E leads into the inner alley /. wind* 
begins as a wide alley, but soon is divided into two alleys In 
the middle semicircle in the* expanded portion, a nnnd*»*r nf 
doorways are cut, three inches wide, and three inches high from 
the bottom. Door C is located at the point direefty oppmtfe n* 



Ht-t* I Y ashiaka: Discrimination of Mine Distance hi/ the Hat 159 


fin* entrance hi, At a point six and onedudf inches <listant from 
the center of door (\ on tin* ri^ht side, door it t is eut ; at the 
eorrespondiny: point on the left side door is eut. Similarly 

h\ and / M , li A and !, i% H, ami lt x and I Uf each pair six and 



E % psillr) «tma at etUrstnee i t, inner idle*j O t miter idlin* j (\ rent rut tlner 
(utant* ft|tenl t Ih, 1/, A\, /*., /,,» t H f L» in * lotjtetfahle <lu«»r« {$, 

open?; h, titwk ; III?, Ilf*, pntte> deoi'M; f\ fowl he*} f|#» fowl jrnil. 
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one-half inches farther along, respectively, Kach doorway can 
be completely covered up by a piece of metal. Have and mu* half 
inches by seven and one-quarter inches, which is held t i*rht h 
in place by a metal clip. Door U is always open, while only <me 
of the other doors is open in any experimental situation. An 
open door is the only channel of communication from the tuner 
to outer alley, and is flanked on the farther end by a pair of 
wooden blocks b, which prevent farther passage both in the 
inner and outer alleys, lienee the blocks, wherever they happen 
to be, mark the end of both double alleys, and eompei the rat 
to go back through the outer alley parallel to the inner alley 
that it has chosen at the start. In other words, a circuit 5 . 
restricted to one side, tut her right or left ,* tin* right eireuif i 
completed through the right inner ami outer alleys; tin* left 
circuit is completed through the left inner am! outer alley >, 
Figure 1 shows one pair of blocks on the right hand end «»f the 
open door C, The left double alleys, consequently. art* tin* hum; 
path: it is approximately 211 inches long from tin* entrance K 
to the food pan, /,/>, The right path shown in the figure j * a 
short circuit through /f {l , and is 172 inches long, If /, which 
is the same distance as lt n from the entrance A\ is open, mid 
blocked on the right, and U is blocked on tin* left, then the rodtf 
path is now the long path, 211 inches long; tin* left path is the 
short path, 172 inches long. Five pairs of short paths eiin he 
formed to compare with the constant long path, milking fh»* 
experimental situations: 

Situation I. (a) Fhoiec between the long path on the left 
and the short path through h\ ; ( h j choice between tin* long path 
on the right ami the short path through / M . 

Situation II. (a) (dmiee bet ween the long path on the left 
and the short path through It* ; (/> i choice between the long path 
on the right and the short path through 

Situation Ilf. (a-) (-hoice between the long path mi flp* 
left and the short path through U :i (illustrated in tig, I > , • o 
choice between the long path on the right and the short path 
through J0 8 . 
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Situation IV. nM Vhuiee hotween the long path and the 
nhort path through h\ ; {h) ehoiee between the long path and 

the short path through L v 

Situation V, tVi I i'hoiee between the long path and the 
short path through ft, ; \h\ ehoiee between the long path and 
the short path through 

Maze II is exaetly like maze t exeept that it is twire ns large. 
The deseription given for matte l applies to matte II, save that 
every dimension is doubled, exeept the dimensions of tin* follow 
ing\ wltieli remain the satin*; the footl box; width of tin* alleys; 
three doorways, A\ /bo and /h,* leading out from the footl box ; 
and the si/e of the doorways eut in the middle semieirele, Tin* 
eonstant long path is IT2 inehen long; tin* pairs of short paths 
tire doubled in length* and shortened by steps of 2f» iuehes, The 
length of the paths in the different situations are given in the 
following table; 

TABbK t 

drsortt o; i'uiu is tnm.tm.vt Sm veins o 

Utmum mjmt'fjd'i r**f**r f«» oftnttem; / long path; S itmrt path; 

il hr t wren the iinU steal pjiftis; H nitio of tie* short 

path to Hie Song p;Ule 
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Prw'ttlurr . 

I. roNTHUh op V A Hi AtibH KbKMHNTH 
luottT, The experiment was ronduefed in n dark room. A 
frosted l HI waft tungsten lump was suspended front the veiling, 
five feet above the emitter of tin* inner nemieirele of the maze, 
si * that the inner and outer alleys were equally illuminated 
throughout, The straight inner and toiler alleys were approve 
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mately equally illuminated since they were symmetrically placed 
with reference to the light. In maze II, two lamps were used. 

The two paths thus illuminated look exactly alike from the 
entrance. The wooden blocks which mark the etuis of ,.jieh a! lev 
are not visible until the rat is quite near them. Also any open 
door through which the rat passes from the inner to the outer 
alley comes into view only when the nit actually comes up to it. 
and its appearance, when visible, is like thut of any other, due 
to the fact that the extent, of the sector of the circular path 
from which it is visible is the same whatever the position of tin* 
particular door. 

Smeuj. The food used in the maze was sunflower seeds and 
dry bread soaked in water. Whatever smell diffused, did so 
evenly in the right and left paths, because these were placed 
symmetrically with respect to the food pan. The doorways m 
the middle semicircle are also radially symmetrical with respect 
to the food pan. The absolute distances of these doors from 
the food pan do not vary more than 6 per cent of the longest 
distance (a straight line connecting the food pan with door f' 
Hence the diffusion coefficients at these doors must be praeh 
cally constant. And, moreover, after each set of the experiment, 
the floor of the pathways was thoroughly eleanse.l, 

Kinaesthetiu Pattern of the Pathways, 'Hie long path 
and the short path differ only in length and in the reversal of 
the turns. 

The Hats. The rats used in the experiment wen* front tin* 
stock white rats in the Psychological Laboratory, ( niversit v of 
California. The experimenter bred and reared them. After 
the weaning period, they were fed on McCollum'* standard dud 
No. 1, with an occasional allowance of fresh led nee, The food 
w-as made into soft dough and given mice a day ; 10 per eetif of 
body weight was the daily ration For each rat. All tin* animal * 
began and finished the experiment in good health. Their age 
varied from five and a half to six months, which is within the 
period of maximum activity as attested by Nhmnker t lull* • and 
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11k*ht ( 1H22), The total number of rats used was HIT, Both 
sexes were used, e\enly ilistrihuted as fa v as praetieahle in the 

different situations, 


U. HOPTINK OF TilK KXPKttIM KN’T 

Distrmption of THU StuwKuiu Faeh rat was given a 

etunee of tho long path and tm<* short path, For example, rat l 
was to efmose between the long path am! the short path through 
door R t ; rat 2 was to ehoose between the long path amt another 
short path, through dour /*,, and sc* on, Five rats, eomposed of 
throe males and two females, or three females and two males, 
formed a group whieh learned all of the variable doors on one 
side, one nil to a door, A seeond group learned all the eorre 
spending doors on the other side, Two surh groups were run 
at n single sitting, No variable door was open twtee in sneees 
motu Idte order of present at ion of tin* variable doors was 
ehanged irregularly, The following gives some of the orders 
prnetieed : 

it» iii it? Hi H» Pi I** !<} Pj I*t 

H, u* IP it; fit Pi P,j Pi In P-, 

In IP in It: P, Iff Pt Ui In It, 

It, In Ui Pi Hi Pi Hi Pi Hi Pi 

Pt 1,5 H, It, I a Pi it \ lu Pi if'', 

The possibilities of siieh permutations are almost unlimited, 
This irregularity eaneetled the tendeuey to traek preeeding rats, 
One rat might hi* piweded hv another rut of the same or of the 
opposite sex, 

In alP eaelt id" the ten variable * lours in matte ! and raeh of 
the ten variable doors in mn/e 11 was learned by a set of ten 
rats, eveept /f ,, /, 4> h% in matte t, whieh were eaelt learned by 
nine rats only, Ninety seven rats eomplefed ittiow I; 100 nits 

eomplefed matte IP 

Tnvit*; or FxeutiuwFN’T, The experiment began in September, 
102 P and ended in Mn>, Hhhu Mit/r { wits used first, anil dbo 
eontinned in dimtmry, 102m Mine It was used for tin* remain 
mg period, Idle daily experiment was done between H amt, amt 
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5 p.m. Any given group of five rats wan run at approximately 
the same time each day. 

Dally Program. Six trials per day for nine days ua^ tlie 
program for each rat. Before a rat was plaeed in the mam for 
the first time it had gone for two days on half rations fed Jo it 
in the food box. When the experiment had actually begum the 
rat was allowed only a nibble of food after eaelt run. After a. 
group had finished the day's program of six tutus each, they 
were fed the rest of their food in their own cages, The rttimtmt 
was recorded graphically, Eaeh maze had sect ton uuitthers 
along the alleys, and a tracing could he drawn by the expert 
mentor with reference to these section numbers, While tin* dts 
tanee calculated on the basis of these tracings was not exact, it 
was a fair approximation. The time was taken by a ,H**e*md 
stop watch, hut the speed of the rats was so great, partieulnrl> 
at the later stages of learning fabotd 42 inches per second find 
these time records were not very reliable. 

Emotional Factors. The rats were thoroughly aeeust»*med 
to being handled. Yet tht‘ first introduction to the !ua;.r 
upset some of them that no amount of can* or of thread, ad*-d 
to keep them moving. These seared animats simply crouched 
down somewhere along the alley, usually at a corner, and ' * went 
to sleep. n To economize time, at the end of thret* minutes m 
maze i, and of six minutes in maw* II (assuming that twin** the 
distance requires twice as much time to traverse?, flm>e |»av,m* 
animals were taken out and started anew from the entrance 
Other animals were so restlessly active that they retraced the 
inner alleys without getting any nearer to tin* solution To 
these rats the same time limit was applied, If anv nit soured 
four or more of these incomplete runs, it was discarded, 

Timk Error. In the beginning, the rats were learning what 
to do in the maze; they were apt to loiter along the way inspect 
ing every bit with curiosity, running, stopping, and retracing 
I Ik* time sequence under these conditions was relatively ineini 
stunt and the time error relatively large. Hut in the later .L f vv. 
of learning, this erratic miming was mostly eliminated. The 
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rats made a straightforward round trip through either the long 
or short path, as the choice happened to be. Hence each such 
trip was made within narrow limits of time (five seconds per 
trip). The time error under these latter conditions was rela¬ 
tively small and constant, and may safely be assumed to have 
been unimportant for a comparison of the discrimination scores. 

It must be noted, however, that the experimental program 
was such that the standard stimulus and the variable stimulus 
were not encountered an equal number of times. Hence, the com¬ 
parison judgments were made between a stimulus immediately 
present and another stimulus recalled sometimes from a rela¬ 
tively recent and sometimes from a relatively remote past. This 
introduces another type of error. But, methodologically, it is 
almost impossible to eliminate this latter type of error SO' long as 
the judgment of an animal has to be expressed in terms of gross 
motor performance. Further, the effect of this error was, per¬ 
haps, partly eliminated by our arbitrary criterion of learning, 
which was that, in the first four days the path other than the one 
later predominantly chosen, must have been taken at least six 
times. And hence on the fifth day, every rat that finished the 
experiment had had the same minimum experience of the alter¬ 
nate path. 2 Again, the evil was probably not so great as might 
be inferred, because we were concerned in comparing the scores 
in the two mazes, and, whatever the error, it can be assumed 
to have been relatively the same for both mazes. 

Finally the free-learning method chosen had the advantage 
of offering an opportunity to study just how the rat learned the 
maze under “natural” conditions. 

Space, Error. The right and left space errors were elim¬ 
inated by combining the scores made on the right side with the 
similar scores made on the left. 

2 In my later study of the discrimination of maze patterns, the rats 
were forced through each of the two alternate paths just before a daily 
free choice was given. This (f Daily-Practice 77 method was found to bring 
out better discriminative preferences than the free-learning method. “A 
Preliminary Study in Discrimination of Maze Patterns by the Rat/ 7 TJniv. 
Calif. PuU. Psychol. (1928), 4:1-18. 
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A disturbing space feature was position habits. Some rats 
tended to take the right side only, irrespective of its length, and 
some the left. This difficulty was partly eliminated by the 
criterion cited above, that, in the first four days the path other 
than the one later predominantly chosen must have been taken 
at least six times. 

The Criterion of Scores. The constant method is con¬ 
cerned exclusively with the frequency of true comparison judg¬ 
ments. Hence our scores should be the frequency of true choices 
of the short path. The animals had however first to dispel fear 
of the new situation in the maze, to overcome curiosity, and to 
habituate themselves to the maze in general before any such true 
discriminations were possible. This necessity is not a novelty; 
even in human psychophysical problems a certain amount of 
training is imperative. But in our present case the difficulty is 
to decide how to separate scores scattered in a nine-day period 
into learning scores, on the one hand, and discrimination^scores, 
on the other. Actually the scores of the last five days were 
chosen as discrimination scores. The justification for the de¬ 
cision will be discussed in full, with empirical evidence, under 
“ Results. 75 

Types of Scores. Besides the choice of the short path and 
the choice of the long path by a straightforward running, desig¬ 
nated score P and score P € , respectively, we observed erratic 
retracing in the same alleys. Further observation distinguished 
three types of such retracing: (A) confused running; (B) mis¬ 
judged running; ( C ) disturbed running. 

(A) “Confused running” includes more than one retracing 
in both the short and the long paths. It is a typical trial-and- 
error running and tends to occur in the early stage of learning. 
(B) “Misjudged running” includes just one retracing in the 
path not finally chosen. The rat starts along a path, swings 
around with no hesitation, retraces the path, and takes the 
alternate path. This type of retracing is found in all stages of 
learning. ( C) Disturbed running” includes one or more re¬ 
tracings in the path finally chosen. This seems due to incom- 
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plete learning. The rat starts along a path whose characteristics 
are only vaguely known. As it advances, some extraneous dis¬ 
turbance, such as a sudden noise or inrush of air upsets it, 
making it retrace. As learning progresses, the rat becomes less 
and less distracted by such disturbances, and this type of retrac¬ 
ing tends to disappear. 



The three types of retracing are designated as scores A, B> 
and C, when the final choice is the short path; as scores A e , B a> 
and C e , when the final choice is the long path. 

The following types of scores were also computed: 

Score S = the sum of the scores A, B, and C. 

Score $e = the sum of the scores A c , B e , and C e . 


RESULTS 

The results are shown in tables 2-6 and in charts I-V. The 
discussion will be confined to indicating the more significant 
features in these. 

Learning vs. Discrimination — 

In order to sort out learning from discrimination in the 
obtained scores, the data will be discussed under three headings: 
(1) Daily Averages; (2) Intercorrelation; (3) Condensed Inter¬ 
correlations. 
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1. THE DAILY AVERAGES OF DIFFERENT SCORES 

An empirical criterion for the completion of learning 
best be found by an examination of the learning curves. W"l aeJl 
a learning curve reaches a limit and flattens out, it is evid ertt 
that learning is then more or less complete. In order to see 
where a flattening of the learning curve occurred, the da Hy 
averages of different scores, under the five different situation 6 "*’ 
were plotted in chart I, figures 1-10. It will be observed that; 
for both mazes I and II, figures 1 and 6, the five P curves ( one 
for each situation) begin more or less together and cut across 
one another. From the fifth day on, however, they become sep¬ 
arated, and keep their respective levels in more or less flat con¬ 
tour. The P e curves show a similar trend, though in a lesser 
degree. Here is a graphic indication that on the fifth day the 
curves assumed a relatively horizontal character and that learn¬ 
ing had largely ceased. 

Figures 5 and 10 support .the same conclusion. The ehar- 
acteristics of the S and S e curves are the early rise and later 
dropping to the same more or less flat level. On the fifth day 
the five pairs of retracing curves flatten out and remain so. It 
would appear that the scores (both P and S) may, on the fitth 
day and thereafter, be regarded as primarily discrimination 
scores, while on the first four days they are mainly learning- 
scores. 

A few words on the separate types of retracing. The curves 
for the A and the A e scores show the same trend as do the S and 
Se curves, i.e., early rise and final drop. They conform to the 
typical” error curve. The B and B e curves tend, on the other 
hand, to remain more or less flat throughout learning. The H 
curves maintain a rather high level in situations I, II, and ITI ; 
and the corresponding B e curves run-along relatively low. But: 
in situations IV and V, the B and the B e curves tend to levels 
about equally low. This indicates a relation between the fre¬ 
quencies of P and of B, and the existence of this relation supports 
us m defining B as a misjudged running. A wrong direction was 
taken, but the mistake was soon corrected. The C and C c curves 
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remain steadily at Imv levels throughout the learning. The 
experimenter observed that these seores were made when an 
extraneous disturhauee appeare<l; and that these seores are due 
to such disturhanees, is e\i<leneed hv the shape of the eurves. 
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Another indication of these relations between the P and the 
P c scores, on the one hand, and the error scores, on the other, is 
shown by the following percentages: 

In the first four days: 

Maze I: P, 26%; P e , 19%; P and P e , 45% 

Maze II: P, 20%; P e , 15%; P and P e , 35% 

In the last five days: 

Maze I: P, 49%; P e , 22%; P and P e , 72% 

Maze II: P, 48%; P e , 27%; P and P c , 74% 

In the first four days: 

Maze I: S, 31%; £„ 24%; >8 and S e , 55% 

Maze II: 37%; 28%; >8 and S e , 65% 

In the last five days: 

Maze I: S, 19%; 5., 9%; >8 and S e , 28% 

Maze II: S, 17%; S e , 9%; £ and S e , 26% 

From these figures it appears that in the last five days the choice 
scores were made approximately three times as frequently as the 
retracing scores. 

As to the three types of retracing, the following percentages 
were found: 

In the first four days: 

Maze I: A, 16%; A e , 15%; A and A e , 30% 

Maze II: A, 20%; A e , 16%; A and A e) 36% 

In the last five days: 

Maze I: A, 4%; A e , 3%; A and A e , 7% 

Maze II: A, 3%; A e , 2%; A and A e , 5% 

In the first four days: 

Maze I: B, 10%; P e , 6%; B and P e , 16% 

Maze II: B, 8%; P e , 7%; B and B e , 15% 

In the last five days: 

Maze I: B, 12%; P e , 4%; B and B e , 15% 

Maze II: B, 10%; B e , 4%; P and B e , 14% 

In the first four days: 

Maze I: C, 5%; 4%; C and C e , 9% 

Maze II: C, 8%; C e , 6%; C and C e , 14% 

In the last five days: 

Maze I: C, 4%; C«, 2%; C and C e , 6% 

Maze II: C, 4%; 3%; C and C e , 7% 
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.1 aii<l .1 occurred 1 requeut ly in tIn- beuiunini;, but in tin 1 
last fivu days wen* mostly eliminated. it ami /?, had relatively 
high pereentap's throughout the hstruiuyr period, hut IS is much 
higher than /•’, (’ ami had steady hut low percentages 

throughout the learn iny; period. 

In order to show graphically the effects <d - the differential 
stimuli. the data were regrouped under each situation and 
plotted in chart II. figures 11 HU. A comparison of these 
figures shows that the ret meins; scores distributed themselves 
more or less symmetrically with respect to the base tine, except 
fi and It ,, whose peculiar behavior has already been tinted. This 
mentis that retracing of the .1 and <’ varieties was committed 
more or less equally in short and hour paths. The diserimina 
tion scores, /* and . behave differently. In situation I. where 
the ratio of the short path to the loo;; path is the urea test. R 
increases enormously 1 in the biter stage of learning: /’. decreases 
slightly, hut increases relatively to the retraein*: scores. In 
situation 11. the increase of /' is « little less, In situation III, 
the increase of |* is still lest. In situation IV. the increase of 
R is very slight and now begins to increase by a eousiderahlt* 
nmmmt. And, liually, in situation V, /* increases the least; so 
that /‘and /*. assume symmetrical positions with respect to the 
base line in the manner of retracing scores, In situation IV, 
probably, and in situation V certainly, the choice of the short 
path was due to chance rather than true discrimination; the 
lout: path was chosen as often as the short path. These graphs, 
taken as n whole, prove that the frequency of the choice id’ the 
short path is a tiiuctmu of the difference between the short and 
lout: paths; the mure difference there is between the short and 
lout: paths, the more frequently the short path is chosen. 

INTbttnuotKt.A'ni inn 

Tin* learning curves, as we have just seen, approached a 
limit, on tin* tifth day, The standard variations of the means, 
however fcomputed but not here presented i, are targe, There 
fore an at tempt wilt now he made by another method to detect 
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the onset of the limit of learning. The method resorted to will 
depend upon an examination of the intercorrelations between 
individual daily records. 

At the limit of learning, the values of the individual discrim¬ 
ination scores ought, from such a point on, to be more or less 
uniform, while the intercorrelations of daily scores should be 
at their maximum and remain constant. At the beginning of 
learning, on the other hand, each rat will be learning at its own 
rate; and the iutereorrelations of daily scores ought therefore 
to he how lienee, if the iutereorrelations of the scores of the 
first ami second days, of the second and third days, and so on, 
arc surveyed, it should he possible to detect a point at which 
the iutereorrelations become relatively high and remain so. In 
fact, turning to table 2, such a point appears in situation I on 
the fifth day in maze h and on the fourth day in maze II. 8 

TABLK 2 

I NTF.tU ‘OKU KUATHi'N S OC P SCOUKH IS M AZKH I ANI> II IN BiTITATION I 
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.5 All th<* possible intereorrelatiunH in both mazes, numbering some 5,000, 
are given in full in the original manuscript, All correlation coefficients 
were compute*! U\ Pearson formula. 
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A survey of these intereorrelations shows that the coefficients 
on the first diagonals are higher than on any other diagonal, and 
that they increase as one descends along this diagonal. The next 
best rows are the second diagonals. This shows that, as the 
learning progresses, the performance becomes more and more 
stabilized. Similar tables (not here presented) for situations 
II, III, IV, and V showed the same thing. If we take the aver¬ 
ages of the diagonal coefficients of the five situations for each 
maze, we get the results shown in table 3. 


TABLE 3 


Days 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

Maze I.‘. 

.272 

.346 

.361 

.510 

.546 

.556 

.568 

.601 

Maze II... 

,072 

.374 

.422 

.404 

.474 

.542 

.568 

.640 


Since n = 20, these coefficients have to be .40 or more to be 
significant. Table 3 shows that the coefficients become sig¬ 
nificant on the fifth day in maze I, and on the fourth day in 
maze II. This evidence supports the claim set forth in the dis¬ 
cussion of the daily average, that on the fifth day a limit of 
learning is reached. 

3. CONDENSED INTEBCQBKELATIONS 

Another way of obtaining evidence from the intereorrelations 
is to compute the correlations between: (1) scores in the first 
half'and scores in the last half; (2) scores on odd days and 
scores on even days. For this purpose, the dividing line of the 
two halves was again placed between the fourth and fifth days, 
The results by this method are shown in table 4. 

The half-vs.-half coefficients of P in both maze I and maze II 
are relatively low. On the other hand, the odd-day-vs.-even-day 
coefficients of P in both mazes are relatively high, and probably 
are as high as one could hope for under the conditions. 

The low values of the half-vs.-half coefficients may be ex¬ 
plained by saying that the performance in the beginning of 
learning is different from that near the end of learning. In 
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how far do the high odd-vs.-even coefficients indicate stable per¬ 
formance throughout’ In order to answer this, odd-vs.-even 
coefficients were computed for the first and last halves separ¬ 
ately. Table 4 shows that the odd-vs.-even correlations both in 
the first four days and in the last, five days wen' satisfactorily 
high, with the exception of situation II, maze I, Further, it 
shows that the odd vs, even correlations in the last five days are 
without exception higher than the corresponding ones in the 
first four days. This indicates that the performance in the last 
half was more uniform and stable than the performance in the 
first half, and that learning has ceased to affect the records on 
tht k fifth day and thereafter, 

TABLK 4 
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(»«|«t vm , ovon, tiwf 7* t) vm, II, H day fit, 

Tin* three factors so considered, namely, the daily averages, 
the intereorrelations, and the condensed intercorrelations may 
not, each by itself, justify flu* division made between the* fourth 
and the fifth days. The daily averages were rather unstable, 
as shown by the large sigmas; the diagonal intecorrelations 
included some low coefficients, a sort of inversion of the second 
order; and the data on the condensed coefficients were divided 
into the two halves rather arbitrarily. But when the three 
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results were taken together, the evidence seems to justify tli 
division made. On the fifth day we may reasonably assume tht\ 
the maze has been learned and that the yerj otmanee on the fill 
day and thereafter is one of discrimination and m* foton r no 
laminated by learning. 

Proof of Weber 9 # Law 

The main question of the present research can torn hr foi 
specifically as follows: How does the distribution of tin* froquet 
eies of the P scores in the last five days in maze I compare ^ it 
the distribution of the frequencies of flu* l* .scores in the Mint 
period in maze 11 1 


1. COM PA Bl BON OP TUP M HA NS IN TIIK TWO \UKtt* 

One way of answering our question is to compare the mean 
of the gross scores. In the last five days each rat Inn I 'to dinner 
to choose (six trials per day for five days» , and ehuv* the 
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path as many times as is imlieated by the sum of the P scores. 
The individual P scores in maze I in each situation were aver¬ 
aged; and similarly for maze II, The results are shown in 
table 5 and plotted in chart III. The curves in chart III run 

TA HU'] r> 

(’om r arison! or tub Means or /” Scores or tub 'Last Five Days 
in Two Mazes 
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close together. The pairs of means in each situation are not 
identical, but their differences are small: .-lb, .fm, did. 2,f>4, 1 ,m>. 
The sigmas of these differences are (U)2, a,07, I .SO, 2.a I, and 
1,01 respectivelv. There was therefore no siguilieant difference 
lad ween t he nu*ans in any of t he five situations. 
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No other evidence would seem necessary to verify Weber* 
Law. And yet, unfortunately, it is not statistically uilid. Tin 
number of subjects In each situation is 2th except in situation Hi 
in maze I, where a — 19, and in situation IV in ma/w I, when 
% = 18 . The sigmas of means when n is as small its are real!) 
much larger than those here calculated. lit mdeuluf mg a *i«tw 
of means, certain product terms art 1 considered negligible. Bui 
siudi as assumption is valid only when n is fair!) large, *n\ Ilf 
(Kelley, 1928)). Hence, we turn to another method of exam 
ining the data. 

2. (*OKKKLATION Miri JUit** 

The eurves of th<* means in chart lit, when supenmpo^l 
show divergeneies tine to their irregular contours, There h h 
way, however, to straighten these tint, The IVar^m correlation 
surface and the principles involved in tin* formation of melt i\ 
surface show the way. The differences of length be! w»‘»n the 
short and the long paths were taken as j* variates; and the ssiao 
of the P scores of the individual rats wort* taken a < v ^inatio, 

A" varies from HI inches to f»d inches by step** *4 l;i ui«dw^ m 

maze l; it varies from 2d belies to Lift inebes hi of *S\ 

inches in maze 11. V varies from 0 to in in tool* ease’* lA>r am 

individual rat, then, we have two sets of data, its p ddlVrefitml 
stimulus (diflerenee of length of the two path**, and •/, its 
gross P score. These were correlated l»y tin* iVarvm tortmik 
for both maze I and maze II, n HI for maze I and \ IlMi 
for maze 11. 

The correlation eoeflieieiit in ttut/e I \\as found to he 
.f>19 ± .074; in maze II it was A79 » .IHS7, fSoflt are sigmfiiMiit 
coefficients, as shown by the small standard error,, and mu*' lao 
within the standard error of the other This $Vf uehenU** but 
the frequency of the choice of the short path depend i * upon the 
difference in length between the short anil Jong padss. and net 
upon the absolute length of the eiunpiimott path Tie* gaper 

•* Th(» Mtatktu'iil jtwfifleiiHuii id Mm* m** of tU s * r3 / t - tn 

Appendix 1. 
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tanee of the distance factor in maze learning is again confirmed, 
and also the constancy of DU on whatever basis it is defined. 
A regression coefficient of y over x, b vx , which is defined as 

b yx --~r <Tl ' was sought, and found to lie .1(57 * .02H in maze I, 

(r .V 

and .111 I .01 (i in maze II. Then y h,,.,,r is the c<iuafion of 
the regression line of y over x. This is the promised straightened 

The Correlation Surface kith 2 Regression Lines 
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SUMMARY AND CoNrU’SlnN 

1. Mazo I was so constructed that tw< $ paths visually similar 
were ottered for ehoiee. One path was 21 f incites h»m? and kept 
constant, while the other eouht he shortened h\ steps of pf 
inches. Maze II was similarly constructed, hut magiutiod hy 
two. Five short paths were used in eneh maze, ijminj rise to 
five comparison situations in which the ratios of fit#* hunt to fin* 
short path were IMF Idtth l ,2*1, ! J h anti 1 Ml respectively, 
Each rat was ottered only on** stteh comparison edmtfom and 
six trials per day for nine days constituted h rat % cspchtnetitnl 
program. In maze I, P7 rats were used, distributed approve 
mately equally to the five situations; 11lit rats were used in maze 
11, also etpially distrihuted. 

2. Scores were recorded in eight categories * l' cheer of 
the short path; P, choice of the lung foi f b* I confined 
running, with final ehoiee of the Maori path » ,1 confuted nut 
ning, with final choice of the long path, It corrected running 
with first a elude** of tin* long path and then one rwruetng, and 
finally a ehoiee of the short path ; H a choice of th* diorf path 
followed hy a refraeing and finally a choice of the Jong path; 
(* running, disturbed by some external factor resulting m 
retracing in tin* short path; (\ disturbed rnnmng with r*» 
tracing in the long path; $ A * It * P, I he %nm of all the 
retracing won'-s ending in the choice of thr 4»*r? path, t s*. 

A t 1 H t f (\ t the sum of all fie* retracing ending itt the 

eludes* of tie* long path, 

d. The scores of the first four day s were drwarded, the 
scores of tin* last five days only were eoti’od**r**d m the fund 
comparison, The division of scores into tJir*«e n*n h.*h*M .ermed 
justitied by the following facts; ? 1/ the learning etin,*-* plotted 
from the daily averages of p ^nnn t choice *4 die Maw? pufln 
began to reach a limit on the fifth day ; r il Hie >nt*ueorrMatsotn 
of the P scores became significant on the fifth d«t end renamed 
so throughout the rest of the learning pm*M , P CMStdfinnt 



1929 ] Ymhiokd: Discrimination of Maze Distance by the Rat 181 

intereorrelat ions were higher in the last five days than in the 
first tour days. 

4. The averages of the individual P scores in the last five 
days in maze I were compared with the averages of the similar 
scores in maze II for each of the live situations. No significant 
difference was found for any of the live pairs of means. But 
because of the small number of eases, the standard errors cal¬ 
culated for these means may not have been correct. 

;*>. The gross I* scores for individual rats were therefore 
plot ted for the last five days on the if axis against the differences 
of tin* lengths of tin* short and long paths on the .r axis. The 
correlation coefficient thus obtained between P scores and the 
differences of lengths in maze I was ,519 * .071: tIn* similar 
Correiation coefficient for maze 11 was ,«>79 * ,007. When tin* 
two regression lines calculated with these coefficients were plotted 
on the same surface, it was found that one lay within the 
limits of the standard error of tin* other. The two regression 
lines were practically identical, 

ti. Points 1 and 5 taken together seem to prove that with 
different absolute distances the same relative difference of dis¬ 
tance yields tin* same proport ion of correct choices. This is 
nothing less than Weber's Paw 1 . Therefore it is concluded that 
Weber’s Law 1 holds in the discrimination of maze distances by 
the white rat within the limits of distance investigated in this 
experiment. 

APPENDIX t 

Statistics of tiik < ’ouhkuatjon Mkthou 

Tin* use of tin* correlation method in the treatment of data 
in the present problem needs eonsideration because the sound¬ 
ness of the final conclusion rests upon the validity of the statis¬ 
tics employed. 

The use of tlte Pearson correlation coefficient implies that 
the data are independent ( unrelated), This requirement was 
met hv tin* experimental condition that each rat reacted to only 
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one comparison stimulus, and so the individual scorns were intle- 
pendent of one another. A second requirement is that the corre¬ 
lation must he rectilinear. The test for reetilinearity is made 
by finding: »/, the correlation ratio, and further, by calculating 
£, which is defined as £-■ if ■■ r. The simulat'd error of £ can 
be calculated by Blakeman’s formula, 

v£fl v“'' 1 1 r’r’ I t 

V1 

In the present case, £ .MU * .022 itt maze I ; £ 021 * ’,(534 

in maze II. Hence it is not significant itt either ttuwe, i.e., each 
correlation is approximately rectilinear. 

The other formulae used also rest upon specific conditions. 
For example, the <» formula requires mesokm-t te and homo- 
seedactie distribution; the formula requires hottuwlisy and 
reetilinearity in distrihution. To save labor, instead of justify, 
mg the use of each specific formula, we shall show that the 
P-score distribution is normal, The normality of distribution 
may be considered a sufficient guaranty again 4 Irmeairessing 
violently any of the statistical requirements involved * Kelley, 
11)2:1). 

The histograms of 1* distribution in mazes l and II are found 
in (diart V. By inspection both distributions arc a little 
platyluirtie and positivcly skewed, Testing normality m terms 
of movements, we found: /f, .(Hill, f . 2 *i Hu' in maze I; 

^,==.071)1), fj„~ 2.4008 in maze I!. Since a normal curve 1ms 
0i --- 0, 0, t - 2, these distributions are not very far from normal. 
In maze 1 fi .— 2' .1.142; in maze 11 it, 2 1212. 

But the sigmas of fi, of a normal curve with the same number 
of cases are > .41)74 and ' . IVW, in maze 1 and maz** It, 
respectively. Neither deviation in hurtmi * i. .nuiifteaut, and 
the distribution may he considered mesokurlie, 

A test, for skewness is made in terms of t, when 

, . UiCtC t 2. 

2»0 fi. bd s It 

In maze 1, x .1141; in ma/e 11 r . Iff * * The -inzmai of / 
of a normal curve with the same number of e,» ,«• t are > 1111 
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and ±.1225 in maze I and maze II, respectively. In neither 
case is the amount of skewness significant. The normality of 
the distributions, thus established, guarantees sufficiently the 
applicability of all the formulae employed. 


HISTOGRAMS 




APPKXDIX 2 
TlIKKSHOM) 

The threshold for the discrimination of maze distance was 
eomptited in the following manner: it was shown that in the 
last five days the discriminative scores /* and /V amounted to 
72 per cent of the total scores in two mazes. I f the choice of 
P or P< were determined by chance alone, P would score half 
of this amount, namely 35.5 per cent ; and as the total score 
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is W } P would be 11 (JU>.f> per eent of dtli, An% P 'woiv higher 
than 11 can be considered as a seore indieuf imr a diseniiiiuntive 
choice and the threshold may be fdaeed here, Turnon*; ft» the 
correlation surface in chart IV the ,/ value « didamv - mirrm 
spending to ij ■ 11 is found. Dividing ttiD Mihn* In the fatal 

distance, a PI, of JO is obtained. 
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tiih kkkkct of 
MAZF. 


('ll ANUK OF “DIMVK” 
I’MliFOKM AN< 'M' 


ON 


MY 

MKHU'I Hl-tili KMilOTT 


Tlu* experiment here reported const it utes a omitinuation ot 
earlier studies" and makes use of the same maze and general 
technique. These studies are part ot a program ot research the 
general object of which is the analysis ot motivation and the 
determination <d* its operation in maze performance. 

An experimental in*<mp of <51 rats were o;iven one trial per 
dav in the fourteen blind multiple T iiia/c. h'<»r tht* tirst nine 
Pays these rats were “thirsty’" when put in the maze and were 
rewarded with water at the end box. On I he tenth day and 
thereafter they were hungry (hut not thirsty i when put in the 
maze ami were rewarded with tt standard mixed diet. 

A control <*Totip of «»:,! rats remam«'il on the thirst ami watei 
reward program thromdmnt the training period. 

The error data and the time data are depicted yraphteally in 
figures 1 and 2 respeefively. Tables 1 and 2, present the means 
represented in the etirves, 

| n ostler to show the siwnifteafiee of the ditlVreures of the 
means of tin* two groups tor tin* various day's* table 4 presents 
for each dav t he ratio of I he d ill erenee ot the means to the 

* . ... . IHft t 

standard deviation ot that ddlerenee Ur., 

e*ii r r. 

i o pj*iv«‘ ,f is uard* rather nr tat rarity to mean the infernal rendition 
resulting from deprivat hm of food or water, 

a Mlliott, M. lb, ' *The BffVH of of Howard on the Maze Fete 

forma nee of Hat«, n Taos ('ut if. !*uhl, /Vyi/e/nd, f ttafHj, I*, la *W, 

Hltiott, M. 11,» 4 * The BffVef of Approprmtenere* of Howard nml of 
Complex Ineetithen tot Maze Performat»r*«y* Vmv, Calif* PuM, Pttitnun* 

c man n t ui t as. 

n ** Thirst ’ * amt “hunger* 1 are tried as lymmomoui with * * drive ’ * a ltd 
imply nothing ai 0* mental eorUent, 
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Tlu 1 change in conditions on the tenth day caused an increase 
in the average time and errors of the experimental group which 
may he attributed to “expectation" of a, reward unsuited to 
the new drive (i.c., hunger!. As soon as the new and now 



TABid! a 

Hri.iamutikh or thk Hrtwkrn tiis Mkank or Tin: 

HXi # KUlMKNTA,h AND- (*ONTKOI,i UrOUI’H 


Dityn 


10 u 


14 

i n 




u\ 17 





188 University of California Publications in Psyrhotoyy \' m- ? 


appropriate reward was discovered, the learning curve resumed 
its downward course and continued just as though then* had 
been no change of <Irive and reward. 

It is concluded that rewards may he champed without male 
rially affecting the learning curve, provided that tin* drive is 
changed so as to maintain an “appropriate” relationship hetwoeu 
drive and reward 
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THE EFFECT OF D RUFFES OF 11 UNDER 
UPON THE ORDER. OF RUMINATION 
OF LONU AND SHORT BUNDS' 


I1Y 

E. C. TOLMAN, C. II. IION55IK, AND E, W. ROBINSON 


INTRODUCTION 

In an experiment, on the effect of length of blind alleys in 
maze learning, Peterson* came to 1 he conclusion that, en- 
tranees to short- ads dc sac are eliminated more readily, other 
things equal, than eidranees into long ones. ’ White and lol- 
man,'-'’ 1 in a farther study of the same problem, came to the 
opposite eonelusion, namely, “that, in certain types ol situations 
at. least, long blinds and not. short ones are eliminated fiist. 
Mince it was objected by Peterson 1 *' “that the White-Tolman 
conclusion was based on only :M2 single errors of U rats,” it 
was decided to repeat the experiment, with a larger number of 
animals and with two types of maze, one in which the blinds 
were without, elbows and one in which the blinds had elbows; 
and, further, to determine what effect different degrees ot 
hunger might have on the relative eliminations ot the two kinds 
of blinds. 

KXPKIMMKNT I. KDP.OWIjKSK UhlNDM 
PitocunuuK 

A ppa >'ii I us a lid a nuiials. The maze used in this first expei i- 
nient was a “three choice” box with the true path straight ahead 
and with the blinds on either side (fig. 1). Black cloth curtains 

were placed at the entrance to each path so that, the rats could 

, * *» 

i The labor involve.! in the carrying out. of this research wim made 
possible by grants from the Research Hoard of the University of UtUtornm. 
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not see from the entrances the respective lengths of the two 
blinds or of the true path. The long blind could be placed either 
to the rig-lit or to the left. In each group of rats approximately 
half the number were run with the long blind to the right and 
half with the long blind to the left. This was to eliminate any 



influence that, walls and other physical features of the laboratory 
room might have toward favoring one blind more than the other. 

Two groups of rats were run, a hungry group amt a less 
hungry group. Each group contained 40 rats. But in order to 
compare directly the results obtained here in Experiment I with 
those obtained in Experiment. II (in which there were 42 rats in 
each group) the data obtained in Experiment I have been multi¬ 
plied in each case by a factor, 1.015, to increase them for each 
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group to what they presumably would have been for groups of 
42 rats. The rats of the hungry group were fed sparingly, so 
that each rat lost weight (4 to SO grams) during the whole 
course of the experiment. The rats of the less hungry group 
were fed sufficiently to increase weight- (o to 2S grams) during 
the experiment. 

The rats were of a mixed white and black breed from the 
Department of Anatomy of the University of Ualifornia; some 
individuals were white, some black, others hooded. The different; 
coat colors wore about equally distributed among the different 
groups. The rats were all males, approximately three months 
old at the beginning of the experiment, and they had had no 
previous training of any scud. 

Training. All animals were first given a preliminary train¬ 
ing to aeeustom them to running in alleys. This consisted ol 
two runs a day for each rat for 1 our <lays in a “straightaway 
provided with curtains, a, starting box at one end, and a food 
box at the other. 

In the experiment proper the rats were given one trial a day 
for fiVi* days in the maze as shown. The total daily lood ration 
was given each animal at the completion ol tin* day s run. 

Data. The entrances into the blinds were recorded as fol¬ 
lows: An tmtrants* just beyond tin* curtain but no farther was 
called '‘long (blind) 1,“ or "short (blind) 1.” An entrance 
halfway into the long blind was called “long 2,” and lull 
entrance into tin* short blind was called “short 2. 11 A lull 
entrance to tin* end of the long blind was indicated by “long 2." 
Finally, for some of the learning curves all the entrances into a 
particular blind, e.g., “long 1, M “long 2,” and “long 2, were 
lumped and called “long entrances fany degreeior “short 
entrances (any degree),” 

In any given trial there might be several entrances into 
either blind before the animal chose the true path. These were 
all included in the data. 
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Kesi t lts 

The total number of long blind entrants (of any degree) 
plus short blind entrances (of any degree) on each day for the 
entire group was found and considered as 100 per cent. The 
percentage, on each day, of long entrances (of any degree) and 

TABLK 1 

Ma« with Kwiownrws Bunds 


Hungry group ;| !*«•« hungry group 



IVr wnt 

IVr mtt 


IVr wmt 

Cor nuil 



Ions? 

short 


hut* 

*»h»*ri 



tuny 

tuny 

Higmit 

tuny 

tuny 

Hi* mu 


dt*gm*> 

dog rot'1 


dogrwd 

dogmd 


Day 1......... 

47.0 

53,0 

5.5 ; 

j r. i t; 

45,4 

5,4 

Day 2.... 

43.1 

rrfi.tt 

ii,.t i 

| 52.0 

47,4 

;■».« 

Dav 3........... 

54.1 

45,9 

j 

i OH 5 

31 5 

0,3 

Day 4... 

52. S 

47.2 

K,a 

s fICUi 

39 i 

7,2 

Day 5..,..... 

50,7 

43.3 

k i ; 

70.2 

29 8 

0 0 

AH 5 clays..... 

49.8 

50.2 

3 o ; 

m ;i 

38.7 

2,0 


IVr m»t 

IVr «*itt 


i IVr oont 

IVr w?i£ 



'long r* 

'Vhort U* 

Btgmti 

i ‘'long r* 

'Short l" 

Stgmu 

Day 1.... 

71.4 

28.0 

17 0 ! 

; 70 5 

23 5 

10 3 

Day 2. 

100.0 

00,0 

0 0 1 

1 94 4 

5 0 

5.4 

Day 3.......... 

100.0 

00 0 

0 o I 

1 OH 2 

31 S 

9,9 

Day 4....... 

100.0 

1 00,0 

o.o ; 

70 0 

29 4 

11,0 

Day 5. 

00.7 

33,3 

27,2 [ 

! 70,9 

23, l 

1 ;| 7 

All 5 clays.................... 

82,3 

17.7 

9 3 

77 0 

23 0 

i 4,7 


IVr cimt 

IVr oont 


1 IVr oouf, 

IVr md 



1 “long If* 

'Vhort 

1 Higma S 

I "ion* :r* 

“Short W* 

Sigma 

Day 1 . 

38.8 

01,2 

5.9 J 

1 43.0 

50 4 

5,0 

Day 2... 

38.0 

02 0 

fi.H ! 

; 43,8 

50 2 

0 5 

Day 3.... 

50.0 

50,0 

tut j 

I 48,0 

51 4 

8 4 

Day 4..... 

51.4 

4H.0 

K.4 

45,7 

54 ;i 

H 4 

Day 5.... 

48.0 

51,4 

8 4 i! 

50 0 

50 0 

8.5 

All 5 days. 

44.3 

55,7 

i! 

45 0 

54,4 

3.2 




.. 8 





of short entrances (of any degreej of this total daily number 
was then calculated. A similar procedure was carried out for 
“long 1” and “short 1” and for “long it” and “short 2” on- 
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trances. 2 These percentages for both the hungry and the less 
hungry groups are given in table 1. The sigmas of the per¬ 
centages are given immediately following the percentages. 3 

The first fact to be noted in an examination of these percent¬ 
ages is that no blanket statement which would hold throughout 
for all the percentages, can be made. Considering the hungry 
group by itself, we note that only in regard to “long 1” en¬ 
trances as compared with “short 1” entrances is there an 
unmistakable preponderance of “long 1” over “short 1” en¬ 
trances, i.e., into the short blind there were fewer entrances just 
beyond the curtain. The same fact holds for the less hungry 
group, but with the further fact that in the less hungry group 
there were on each day more long entrances of any degree than 
short entrances of any degree, i.e., the less hungry rats made 
more entrances of any and all sorts into the long blind than into 
the short. This was not true of the hungry rats. 

Learning curves based on the absolute numbers (not per¬ 
centages) of entrances of any degree into the long blind and 
into the short blind are shown in figure 2, and similar curves for 
“long 1,” “short 1,” “long 3,” and “short 2” entrances in 
figure 3. 

Considering the curves of the hungry group by itself in 
figures 2 and 3, we note that there seems to be no significant 
difference between the long and the short blind for full en¬ 
trances, i.e., “long 3” and “short 2,” and for long and short 
entrances of any degree. In the case of partial entrances, how¬ 
ever, i.e., “long 1” and “short 1,” there are fewer short blind 
entrances than long blind entrances, and in this last point Peter¬ 
son’s conclusion that entrances to short cuts de sac are elim¬ 
inated more readily than entrances into long ones, seems to be 
verified. This is true, however, only for this one type of 
entrance. 

2 Percentages were not calculated for ** long 2 9 9 entrances since these 
were relatively few in number and had no corresponding type of short 
entrance with which to be compared. _ 

s These sigmas were computed by the formula <r = See Holzinger.U) 
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Comparing now the results for the hungry group with those 
for the less h angry group { tigs. 2 and 2 i, some interesting points 
appear. In the ease of “long 1” entranees as compared with 
“short 1” entrailers, and long entrances of any decree as eom¬ 
pared with short,enfranees of any decree, we liiui that for the 
less hungry group “long 1" entrances and long entrances of 
any degree are more numerous than the corresponding short en¬ 
trances, Also, considering long entrances by themselves, we see 



that long ent ranees ot all the three sorts, he., * 4 long 1, 1 * * * long 
and “long of any degree” an* more numerous for this less 
hungry group than those for the* hungry group. Decrease in 
hunger seems to have had for its result in every ease an increase 
in the number of long blind entrances and a small decrease (in 
two eases) ot short blind cut ranees. In other words, it is with 
the less hungry ml s that Peterson’s diet urn ap/o ors to hold. 

This fact that dee reuse in hunger causes an increase in long 
blind entrances relative to short blind entrances we would ox* 
plain, as previously suggested by Telman, 1 *' bv the somewhat 
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anthropomorphic (or at any rate purposive) concept that de¬ 
crease in hunger increases random curiosity and that random 
curiosity found the long blind more rewarding than the short 
blind. 



It is difficult to explain the exception seen in the case of 
“long 3” and “short 2” for the less hungry group where “long 
3’s” are slightly fewer than “short 2’s.” It seemed possible 
that the nature of the blinds might have something to do with 
this. To test this, and in order further to verify the other con¬ 
clusions of Experiment I, Experiment II, using a maze with 
elbows in the blinds, was carried out. 
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EXPERIMENT IL BLINDS WITH BLBOWS 

PmK'KM’Ztft 

Apparatus and animals. The maze used is shewn in figure 
4. This maze had eurfains just beyond the elbows in the blinds 
as well as at the entrances to the blinds. As in the previous 
maze, the long' blind could be placed either to the rijrht or to 



the left. Approximately half the rats of each #rnup were run 
with the long blind to the right and half with tin- long blind to 
the loft;, as in Experiment 1. 

Tho rats wore again all males approximately three months 
old, of mixed coat eolor, and without previous training of any 
sort. The hungry and less hungry groups eaeh eonsi.sted of 42 
rats, h coding was the same as in Experiment 1; losses in weight 
of the hungry rats, and gains in weight of less hungry rats were 
similar for the two experiments. 
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Trainhuj.—Tim general training procedure was the same as 
for Experiment l, with the same preliminary training in the 
“straightaway, 11 hut the experiment proper eonsisted ot* one 
trial a day for ten days, instead of live days as in Experiment I. 

Data. .Entrances into the hlimls were indicated as follows: 

entrance into the long or short blind just beyond the first- cur¬ 
tain but no farther was called “long 1,” and “short 1,” respec¬ 
tively, Entrances to the end of the long blind and to the end 
of the short blind were indicated by “long 9“ and “short 2.” 
Ami , as in Experiment I, entrances of any degree into the long 
or the short blind were lumped for some of the learning curves 
and were called “long entrances (any degree) “ and “short¬ 
cut ranees (any degree)/ 1 

Hnsm/rs 

Percentages of “long l/ 1 “long and long entrances of 
any degree, calculated as in Experiment 1, an* given in table 2, 
Considering first the hunynj group, it will be noticed that, 
in the ease of long entrances of any degree as eompared with 
short entrances of any degree the long entrances a,re more 
numerous on seven days of the ten, as contrasted with the similar 
group of Experiment 1 which showed a fairly equal distribution 
of long-blind and short blind entrances. Further, we notice for 
this group in regard to the “long 1“ and “short 1“ entrances 
that the order has been reversed, “long 1“ entrances being dis¬ 
tinctly fewer on nine days than tin* “short 1 11 entrances. In 
other words, Peterson \s conclusion, which seemed to be verified 
for this type of entrance in Experiment I, is here controverted. 
With tin* loss humjrif group of rats the outstanding tact is 
in regard to “long and “short 2'* entrance#, the former being 
more numerous on all ten days. This is a reversal of the results 
of Experiment I ami is most probably due to the diflerent type 
of blind used in Experiment II. 

Learning curves basts 1 on the absolute numbers ol “long 1, 

“long 9,” amt long cut ranees of any degree are shown in figures 
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TABLE 2 

Maz& with Ehbow Bums 


Hungry group L hungry group 



IVr tvnt 
lung 
(any 
<lpgm0 

IVr rent 
.short 
(any 
ch'giv«*l 

Sigma 

j 1 IVr otmt 

;i (any 

ji ut*grv«B 

IVr wnt 

short 

tnn»v 

(h'gfKH’I 
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Day 1. 

51.4 

48 0 

4.2 

;.:f -t 

40 0 

4 

.1 

Day 2... 

4S.4 

51,0 
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43 

0 

4 

9 

Day 3. 

50,7 

49.3 

0. i 

: 50 o 

44 0 

4 

0 

Day 4... 

45.0 

54.4 

7,3 


45 

1 

4 

9 

Day 5. 

45,0 

54.4 
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! 51 0 

45 

4 

4 

3 

Day 6... 

44.2 
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7,5 

1 50,5 

43 

5 

5 

*> 
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23,0 

71,4 

3 5 

! 53 3 

41 

** 

4 

0 

Day 8. 

41,2 

58,3 

U ,9 

; 55 3 

41 

*» 

5 

(5 

Day 9. 

45.9 

54.1 

3 2 

55 0 

41 

4 

4 

0 

Day 10. 

00.0 

50.0 

10 7 

! 50 2 

43 

3 

4 

3 

All 10 days.................. 

47.3 
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2,0 

i 55 0 

41 

1 

1 
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Day 1... 
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00.4 

7. 1 

I 43 0 

52 

0 

10 

0 
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03,0 

H4 

•i;, H 

54 

2 

10 

1 
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44,0 
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41 i 

53 

a 

3 

2 

Day 4 . 

39, 1 

00.9 

10. 1 

45 0 

54 

0 

7 

3 
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30,4 
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47 

3 

7 

3 

Day 6 . 

34. S 

05,2 
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42 

5 

7 

3 

Day 7 . 

20 0 

30,0 

10 3 

i 51 5 

19 

5 

7 

H 

Day 8 ...... 

40.0 

0»0,0 

15.5 i 

1 53 3 

41 

7 

3 

2 
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27. S 

72,2 

10.5 

! 43 2 

50 

3 

7 

5 

Day 10. 

50.0 

50,0 

17 7 j 

45 2 

54 

3 

7. 

7 

All 10 days,... 

30,9 
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49,3 

50 

7 

*» 
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1 Vp pit at 
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"long 3" 
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43 
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*» 
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7 

5 
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41,5 
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3 
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the blind the worse it is ami the sooner eliminated. This is 
borne out by the data for the hunyry group on “long- 1 M as 
compared with 4 4 short Id’ entrances, ami on long entrances of 
any degree as compared with short entrances of any degree. 



the long entrances being fewer in both eases. Hut tins does 

not hold for long M” as compared with 44 short 2‘ 4 ranees 
where the two sorts of entrances are about eipud in numbers. 
This exception may perhaps be explained by th«* observed find, 
that, once the rat peeped beyond the second ( he,* the elbow ) 




















19;t0j To! mm rf <il /Vr/omumv of Huts -01 

curtain of the long hliml, lie was very apt to run to the end 
of that; blind, there being no clearly visible obstruct ion. This 
was not the ease with the short blind where tin* end was appar¬ 
ently clearly visible, once the rat peeped beyond the curtain. 

On the other hand, the fact that considerably fewer aftnni>ts 
were made by the hungry rats to enter the long blind than the 
short; blind, as is shown by the curves for “long 1” and “short 
2” (fig. <i), argues strongly for the hypothesis, that for a hungry 
rat, a long blind is more disagreeable than a short one and is 
therefore more readily eliminated. 

In order to discover something about the statistical sig¬ 
nificance of these results in Kxperiment 11 we worked out the 
“critical ratio” for the following pairs of entrances; for the 
less hungry group, “long d“ and "short 2,” and long entrances 
of any degree and short entrances of any degree; and for the 
hungry group, “long l " and “short, 1 ” entrances. These ratios 
were calculated by finding the sigmas of the means of the long 
(■litranees and of the short entrances of the entire group of rats 
and applying the usual formula. I>ue consideration was given 
to the fact, that, long and short entrances are correlated in a 
particular group. The ratios follow : 

TAlttiK a 

Less hungry group: 

‘'Long vh. "short 

Lour (any degree) vs. short tatty degree> 

Hungry group: 

“bong t" vh. "short l" 

It appears that tin* differences between the members of the 
pairs of cut ranees mentioned art* too large to be accounted for 
by pure chance. 


< Vtlu'nt 

I *17 T 
;i hi 

u so 
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SUMMARY AND CONCLUSION 

When the rats were relatively hungry there was not muoh 
difference in number between long-blind entrances and short- 
blind entrances in a maze with elbowless blinds. But when the 
blinds had elbows the long-blind entrances were fewer than the 
short-blind entrances. If the rats were less hungry all entrances 
tended to increase in number, but the long-blind entrances 
increased more than the short-blind entrances. This greater 
increase was particularly evident when the blinds had elbows. 

To explain these results we suggest two complementary hypo¬ 
theses: (1) For hungry rats the long blind , since it causes nun'e 
delay, is more disadvantageous than the short, and therefore 
tends to be eliminated first. This is more evident in a mad with 
blinds having elbows than in one having el bowl ess blinds, i 2* 
For less hungry rats the long blind, offering more opportunity 
for random curiosity, is more distracting than the short blind 
and therefore tends to be eliminated less readily. This revtrse 
effect is also more pronounced in a maze with blinds having 
elbows than in one with elbowless blinds . 
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THE EFEE(T ok removal ok reward 
ON THE MAZE PERFORMANCE OK RATS 

BY 

ROBBKT HALL BKUOB 


PROBLEM 

Hats wore trained in a maze with food as a reward, and on 
the eleventh day, and thereafter, one group found no food after 
the run, whereas the remaining group found food throughout; 
the experiment. The problem was to investigate whether the 
removal of reward a fleeted maze performance. 1 


IMiKVIOl-S STl T I)I KS 

Blodgett (IT2B) ran hungry rats under non-reward eondi- 
tions. Then* was little apparent learning tintil the introduction 
of a reward, when both time and error curves immediately 
dropped. 

Hlliott (1B2H) (dtan^ed the reward from bran mash to sun¬ 
flower seed before the maze was entirely learned. The error and 
time scores increased. 

HI 1 lott ( ) with three groups of rats, changed the reward 

from food to water. The first group, very hungry and also very 
thirsty, when the reward was changed from food to water showed 
an increase in both time and errors, ami then returned approxi¬ 
mately to their former level of efficiency. The second group, 
very hungry but only slightly thirsty, when the reward was 

i Thin work wan dune muter the direct ion of Professors Warner Brown 
and Ldwnrd <’, Tolman, who were ever generous wit It advieo and erithd.Hm. 
I also wish to thank Professor Ueorge M. Stratton for help in preparation 
of the manuscript and I)r. M. H, HIHott for advice euneorniug tim maze 
and Hie animals. 
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changed showed a rise in time scores. The third group, slightly 
™gry and very thirsty, when the reward was changed showed 
a decrease m both time and error scores. 

Elliott (1929b) in another experiment, for nine days trained 
irsty rats to run the maze with water as a reward. On the 
en ay and thereafter, they were hungry (but not thirsty) 
? ,f Ut mt ° the maZe ’ and were rewar decl with food. On the 
r\+i "I c ^ an ^ e ^e e rror and time scores advanced 

S y, ut on the second day the rats ’ performance dropped to 
its previous level. 

Grindley (1929), working with chicks, found an increase in 
ie speed of learning with an increase in reward. Chicks that' 
cou d see a reward but could not get it, improved for a few trials 
and then retrogressed. 

Hamilton (1929), also working with rats, found that a delay 
between the reaching of the goal box and the receiving of food 
retarded learning. 

Sharp (1929), in a study published after the completion of 
the present one, working with albino rats, found that when the 
food incentive was removed there was a marked disintegration 
of the maze habit. When the food incentive was removed and 
e number of trials per day increased, there was a variable and 
marked degree of disintegration. 

Simmons (1924) ran different groups of rats with varying 
combinations of motive and reward, and found that some of 
these combinations resulted in more rapid learning, in terms of 
errors, than did others. 

Szymanski (1918), varying the degree of hunger but keeping 
the feeding conditions constant, found that rats not hungry 
would make an imperfect performance even though previously 
when hungry, they had made a perfect performance. 

Tolman and Honzik, in an experiment as yet unpublished 
compared the maze performance of four groups of rats, varying • 
the degree of hunger and the reward. One group, less hungry 
and not rewarded, did the poorest; another group, hungry and 
rewarded, did the best. The less hungry and rewarded group, 
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and the hungry hut not rewarded group, were better than the 
less hungry but not rewarded group, and poorer than the hungry 
and rewarded group, 

Tolman, Honzik, and Robinson (ITT)) eompared the behavior 
of very hungry and less hungry rats with, respeet to long and 
short blinds. They found that the more hungry rats eliminated 
the long blinds earlier, and the less hungry rats eliminated them 
later. 

Washburn (lh2t> R working with miee, divided them into 
hunger-driven and aetivity driven groups on tin* basis of general 
performative in running and readiness to (‘at. She found that 
the hunger-driven group was better at avoiding blinds than the 
aetivity -driven group. 

Williams { 1 ) experimented wit It a "conditioned” goal 

ohjeet. She first taught her rats to find food in a black-white 
discrimination box, Hite then ran tlte.se rats in a maze and, 
when the maze was partly learned, inlrodueed this box, but now 
without food in it, as tin* goal. These rats, whieh until then had 
reeeived no reward, improved their performauee for a few trials, 
hut reverted to their previous poor level when there was no 
reenforeement of the box as a re wart l object, 

punrionritK 

Ma:;e. The maze was a square with glass sides covered on 
the outside by brown paper. It was uniformly lighted from 
above. Olfactory cues were eliminated as far as possible 1 by 
frequent brushing of the floor, whieh was covered with green 
oilcloth. The top was covered with win* mesh. Raeh outer side 
was f>2 ! /k inches long and the runways and doors wen* 1 inches 
wide. Tin* doors wen* mad** of tin; by an arrangement of pulleys 
the experimenter could open them* before tin* animal and dost* 
them after him. 'flu* following diagram (tig, 1 ) presents a plan 
of the maze, and also indicates the arrangement of the sliding 
food boxes with compartments for six rats, iiy means of this 
arrangement each rat could have its entire day's feeding in a 
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compartment of the box. When the experimental group was 
changed into a non-reward group, an entirely now box of the 
same specifications and material was used. 

Animals .—Untrained male rats wore used, about half of 
which were albino and half were hooded, all of them being 
approximately three months old at the beginning of the experi¬ 
ment. 


y — . —— — 52 



Method. Twenty-eight rats were used. After three days of 
training in a straight runway, so as to accustom thorn to being 
handled and to receiving food at the end of the run. they were 
put into the maze. They were all given one trial each dav. At 
the end of the run they found food in the box ami were allowed 
to remain there until they had consumed their usual daily ration. 

® ,° 0( * c ° nsisted of wet mixed mash, a nutdifienthm of the 
Steenbock diet, and was supplemented about twice a week 
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throughout the experiment by a few lettuce leaver Water was 

kept in the cages at ail times. 

The rats were divided into two equal groups, an experimental 
and a control group. The experimental group was trained to go 
to one side of the maze and the control group to the other. On 
the eleventh day and thereafter, the experimental group found 
no food in the box, but they were subsequently fed, six hours 
later, in their cages. This group was cut from fourteen to twelve 
rats by the death of two from undetermined causes. On the 
twenty-third day, the afternoon feeding was omitted, and food 
was not given until after the trial of the following day. The 
fourteen control rats were fed in the food box throughout the 
twenty-six successive days of the experiment, 

tieorintj. In addition to the time scores, it was noted whether 
the animal took the long or short path to the food box, and also 
hoiv muck excess distance was covered in reaching the box. In 
computing excess distance the maze was divided into eight sec¬ 
tions, two on each of tin* four sides. If the animal made the 
correct turn at the start, did not retrace, and immediately 
entered the* foe a l box, it cove ml two units of maze with no 
excess distance, If the* animal took the* wrong turn at the* start, 
taking the* lemg route* to the food box, it won lei eove*r six units 
of maze*, femr units of which wemld he* e*xce*ss distance. This 
measure ke*pt account of all retracing. If an animal we*nt into a 
unit the* length ed its beuly, or more, a half-unit was scored; if 
it went more* than halfway into the* unit, a full unit was cemnte*d. 
By insp(*etiem of figure's 2, 2, ami 4, ami table 1, it can he* se*e*n 
that the pe*re*emtage e*f long and short paths fake*n is a neigh 
and le*ss precise me*asure» of approximately the* same thing as 
excess distance. Both measure the* knowleelge of the* maze*/ 1 
hut; the* measure of e*xe*e\ss distance* also take*s into eonside*ration 
the continued searching activity of the* organism. 
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RESULTS 

For the first eleven days both groups showed the normal 
learning- curve. In order to determine whether the two groups 
were comparable, the mean of each group for the eleven days 
preceding the removal of reward was calculated, and tin* differ- 
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ratio, indicates that the difference between the two groups can¬ 
not be considered to be a significant difference, and hence they 
can be considered comparable. On the eleventh day the experi¬ 
mental group found no food in its box. This change was fol¬ 
lowed for three days by an increase in time, in wrong turns 
(i.e., long routes to the food box), and in excess distance. Fig¬ 
ures 2 and 3 show this graphically. That this change is sig¬ 
nificant is shown by comparing the critical ratios for the three 



days preceding the removal of food with that of the three days 
following. The pooled scores for the three days preceding the 
removal of reward show a critical ratio of difference between the 
experimental and control groups of .161, which indicates that 
the difference is not significant; and, for the three days follow¬ 
ing,. they show a ratio of 3.20, which indicates that the difference 
is significant. It is interesting to note that for the three days 
following removal of reward the excess distance becomes larger 
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on each succeeding day. Evidently the change is not a tempo¬ 
rary one caused by an emotional upset, or by a different food 
box. Inspection of the scores indicates that the rise is due to 
the fact that more rats are searching the maze for reward, that 
is, more rats are reacting to the box now as a non-reward box. 
After a drop on the fifteenth day the curve of excess distance 
rises again to reach its peak, and then begins to decline slowly. 
This slow drop continues until the twenty-fourth day. Inspec¬ 
tion of the individual records indicates that the animals, after 
displaying “searching activity” for two or three days, run about 
less in the maze and go into the box more readily. 

On the twenty-third day the experimental group was not 
fed. This was done to test the assumption of the experimenter 
that; the animals were really reacting to the box. now as a non¬ 
reward box. It was held that by adding a twenty-four-hour 
period without food the rats would be more hungry, and if they 
were reacting to the box now as a non-reward box they would 
enter it less and run about more in the maze, and so would show 
more excess distance. If, on the other hand, there were a 
“normal trapping time,” i.e., if, after some running about in the 
maze tiny were to go into the food box and be trapped and if 
they were not reacting to the box as a. specific non-reward object, 
there would be no reason to expect; any change in the score. 
After the added time without food the excess distance score did 
jump to a, new level of 22.5 units per rat, and the time score 
showed a corresponding increase of 28(5.6 seconds per rat. This 
supports the assumption that the rats were reacting specifically 
to the box as a. non-reward box. On the twenty-fifth day, as an 
added variation, the rats received a double portion of food; and 
they had not entirely consumed this when put into the maze on 
the twenty-sixth day. This was done in order to add a third 
degree of hunger, approximately zero, to the two degrees already 
investigated, “hungry” and “douhly-hungry.” The excess dis¬ 
tance score showed no significant, change, but; the time score 
jumped to a new’' level, an average* of 400.58 seconds per rat. 
This is in agreement with the work of Szymanski summarized 
above. 
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When the curves are analyzed it seems possible to say that 
from the animal's point of view there art 1 at least three prob¬ 
lems" involved. The first, from days 1 to 11, is that of learning 
the maze, with food at the end; the second, from approximately 
days 11 to 16, is that of learning to react to tin* box as a mm- 
reward box,* and the third is that ot learning to react to the 
whole maze as a non-reward maze. The second “problem ’ is 
learned much more rapidly than tin* ot Inn* two, By modification, 
of the animal's hunger state we get varying reactions to the 
second “problem." 

SUMMARY AND CONVULSIONS 

1. When the reward was removed after a training period 
in a square maze, there was a significant increase in distance 
run and in time. 

2. After continued running of tin* maze u if limit receiving 
food, deprivation of food for forty two hours instead of the 
usual eighteen caused a large increase in excess distance and 
in time, 

3. On the basis of those results it is suggested that the rats 
had learned to react to the box as possessing the specific char* 
acter “non-reward." 

4. These results and those of Blodgett and of Rlliott give 
evidence that time and errors, which are the usual criteria of 
“learning," are seriously affected by reward and hunger eon. 
ditions. 
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TABLE 1 


Aveiage OXeOSS 
distance per rut 

Average time in 
seconds per rat. 

Percentage of rats 
taking long paths 

Group 

one 

(experi¬ 

mental) 

Group 

two 

(control) 

Group one 
(experi¬ 
mental) 

Group two 
(control) 

Group 

one 

(experi¬ 

mental) 

Group 

two 

(control) 

4.30 

0.85 

08. 18 

107.84 

.385 

.787 

5.58 

4.78 

40.27 

48.78 

. 615 

,429 

4. US 

3.0 

20.24 

21.84 

.075 

.429 

3.33 

0.07 

85.41 

89.10 

.338 

.535 

4.83 

2.85 

80.01 

15.0 

.416 

.29 

2.0 

8.57 

20.58 

27.0 

.410 

.429 

3.33 

4.0 

10.5 

88.77 

. 000 

.571 

2 , (>(» 

2.57 

20.04 

45.04 

.333 

.29 

1.58 

1.0 

0.00 

22.51 

.333 

.213 

2.0 

1.57 

15,78 

18.55 

. 25 

.29 

2, (Mi 

.85 

14.85 

0.01 

.333 

.213 

;S.9l 

1. 14 

48. 48 

0.81 

. 25 

.20 

14 91 

1.42 

281.0 

7.07 

,333 

.20 

17 . HI 

. 85 

225.25 

7.42 

.834 

.213 

9.91 

.57 

00. 54 

4.55 

,410 

,138 

18,01 

2.02 

210.00 

0.77 

. 000 

,50 

12.34 

1.42 

114.48 

10.88 

. 000 

,355 

8.41 

1. 14 

180,10 

7,81 

.50 

.355 

10.75 

.28 

00.08 

8.05 

.410 

.000 

0.41 

1,85 

108.0 

7.48 

.666 

.420 

8.01 

1.42 

117.18 

5.81 

.50 

.29 

5.58 

1.57 

08,08 

7.12 

.333 

.213 

7.00 

. 85 

104.78 

5.41 

. 584 

.213 

22.5 

. 85 

280. 0 

4.51 

.584 

.213 

10.01 

.85 

200,10 

4.8 

, 000 

.213 

0.00 

.78 

400.58 

0.72 

. 584 

. 138 
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“INSIGHT” IN EATS 1 


BY 

H. V. TO I/MAN ANl) (’. II. HON55IK 


INTRODUCTION 

Using a maze suggested by Uu> senior writer, II. IL Hsiao 1-1 ' 
conducted an experiment, designed to show whether or not rats 
were capable of grasping “a material, inner relation of two 
things to each other.” More specifically, Hsiao’s object was to 
discover whether a rat can get the “insight” that two paths 
have a common section that, if the common section is closed, 
both of these paths arc useless and that only a third, alternative, 
path not including this common section remains as the proper one 
whereby to reach the goal. Hsiao obtained what seemed to be 
positive results, but. since these were based on only three rats, 
it was thought desirable to repeat the experiment with a larger 
number of animals. 

EXPERIMENT I (MAZE I) 

Apparatus anil nu tluxt. The maze used in the first experi¬ 
ment is shown in figure I. In principle and in genera! shape it is 
essentially the same as that, used by Hsiao. H presents three 
paths to food, numbered 1,2, and 2 in order of increasing length. 
Hurt her, paths 1 and 2 have a common final section which is not 
common to path 2. The principal difference between the present 
maze and Hsiao’s is that, the final common section is now longer. 

i The cost of this investigation won met in large part, by grants to the. 
.Department, of Psychology from the Research Hoard of the University of 
California. 
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The maze was constructed of unpainted redwood. The alleys 
were 4 inches wide, the walls (5 inches high. The tops of the 
alleys were covered with ^4-ineh mesh hardware doth. The five 
gates indicated in the figure wore also made of the same hardware 
cloth. These gates were pivoted at the bottom and slanted 
upward away from the rat. The upper edges of the gates wen* 
held by rubber bands against the covers of tin 4 alleys. The ten¬ 
sion of the rubber bands was such that the rat by stepping on a 



dUii'tHKj Iitt4 


Fig, 1* Ma/a usi'il hi K.xf»t‘rhnriif I 

gate would, by tin* force of his weight, in* abb* to push tin* gala 
down and pass ov<*r it. < )nee owr, tie* goto would swing up 
behind him and retracing was pravantad."' 

The entrance to each path could bo ahnrd in a sliding do<»r t 
made of beaver board. 

General graced are. Tin* gamma! amirsa uf t hr a\prrimant 
can be divided into two Periods: < I i a pn h on nary training 
period so as to acquaint the rat with tin* i’eatuivs of tie* ma/a and 

2 For a more detailed description m’ this tvpe of iptfe, ;on» Telman, 
Tmrn, and deffreMH.<?> 
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develop a strong preference for Path 1, a somewhat less strong 
preference for Path 2, and a weak, or no preference for Path 3; a 
and (2) a final test period in which to discover whether, when 
the swinging door at the end of the common section to paths 1 
and 2 is locked, the rats, upon retracing out of Path 1, will then 
have the 41 insight’ 1 to avoid Path 2 and take Path 3 directly — 
and this in spite of the fact that, in the preliminary training, 
when the first gate to Path 1 was locked, the rats were in the 
habit of going directly by way of Path 2 and avoiding Path 3. 

For each run, whether in the preliminary training period or 
in the final test period, tin* rat was given about 2 grams of a 
modified Stecnbock mash. After the last run for tho day the 
remainder of the daily ration was given in the rat’s living cage. 

The experiment was carried out with two groups of rats, 
Group A and Group If the special conditions and results of 
whieh will be presented separately and m more detail below. 

flitoin* a 

Animals, Group A consisted of 10 male rats of a mixed breed 
obtained from the Department of Anatomy of the Pniversity of 
California. Nine of the rats were white, one hooded. They were 
from three to four months old at the beginning of tin* experiment. 
None of them had had previous training of any sort. 

Prelimimmj fntinint/. The preliminary training consisted of 
(i rims each day for In days, making a total of DO runs for each 
rat. The first three runs eaeh day were “forced runs,” is*., by 
blocking sueeesxive pairs of the three paths the rat was toreed 
down each of the three paths once. The remaining three of the 
six daily runs were 44 free,” i.e„ by leaving all tin* paths open the 
rat could choose a path according to his preference.' 1 

a Many previous experiments have established that, when given an 
alternative between a long ami a short path to fund, a rut uiliyome to 
choose consistently tin* shorter path: i>e(’amp‘’ :t ; Kuo<* ,( ; \ oshioUa 1 t<u ; 
Blodget t 1 1 *; Usaiop o 

■* For the invention of Huh method of 44 forced, 1 * followed by 
runs we an* indebted to YimhiokiiP* M 
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The results of the preliminary training were as follows: 

Forced runs: These were distributed equally, by virtue of the method, 
into the three paths, 150 runs in each path. 

Free runs: Path 1—309 
Path 2— HI 
Path 3— tU) 

When the rats had a free ehoieo, it was evident, that by far the 
greatest preference was for Path 1. The preference for Path 2 
as against Path 3 was not. great, .and is roughly measured by the 
proportion 81 to (50. 

Test period .—Six “insight.” or test runs were given on the 
sixteenth day. The two gates in Path 1 wen* let down, per¬ 
mitting return. Each rat, as would be expected from the train¬ 
ing series, immediately took Path 1. binding himself blocked 
at A (see fig. ,1), he was forced to return to the starting point 
(the second gate in Path 2 was not let down and this prevented 
his return by wav of Path 21. 1 It* was then free lo take either 

Path 2 or Path 3. 

Test results .—On the first “insight" run, 4 of tin* 10 rats 
after returning out. of Path 1 avoided Path 2. On the second 
“insight.” run, 3 of the 10 rats after returning out of Path 1 
avoided Path 2. On the third “insight” run, (> of the 10 rats 
after returning out of Path 1 avoided Path 2. On the remaining 
three runs all the rats had learned not to take Path 1, hut ran 
immediately into Path 3, or else in a few eases ran first into 
Path 2 and then into Path 3. 

Since only 4 of tin* 10 rats avoided Path 2 on Hie first, 
“insight” run, it. was obvious that the results from this group 
were negative, particularly when we consider that not all these 
4 rats avoided Path 2 on their second test run. 

(HtOUP It 

dwiaw/s.—Oroup B consisted of 11 mah* rats, also of varying 
color, three to four months of age, and without previous training 
of any sort. 
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Preliminary traimug.- —The preliminary training' consisted of 
6 runs a day for 14 days. The first three runs each day, as in 
Group A, were “forced,” that is, one in each path. The next 
three runs were “free.” in the last three of the nine daily runs 
the entrance to Path 1 was closed by the sibling door at its 
entrance, so that the rats had to choose directly between Path 2 
and 2. 

The results of the preliminary training were as follows: 

< <Fv(>(v’’ runs (second throe): Path 1—-204 

Path 2~~211 
Path 3— 47 

Lust three runs (choice between paths 2 and 3): 

Path 2—343 
Path 3— OH 

The preference for Path 2 as against Path 3 is quite evident in 
both types of runs, the “free” and those where choice was 
restricted to Path 2 or 3. 

Test periixl. The “insight” runs were given on the fifteenth 
day. As in Group A the two gates in Path 1 were letdown to 
permit return. To prevent the rat from taking Path 3 or 2 
immediately without going first into Path 1, the entrance to 
Path 2 was closed and not opened until the rat luul entered 
Path 1 as far as tin* block at A. 

The results of the test runs were as follows: 

No. of the 11 rutH that 
Uudght ” run avoided Patti 2 

1 l 

2 1 

a 2 

4 6 



» 


The results are again negative. 

The fact that all but 2 of the II rats avoided Path 2 on the 
sixth and seventh runs does not indicate “insight” in the sense 
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in which we wish to use the term. For it appears obvious that, 
after having several times found themselves blocked by taking 
Path 2, the rats would learn to avoid this path. Their subse¬ 
quent avoiding of Path 2 is, then, mere evidence of * 4 trial and 
error” learning and does not indicate any grasp of the fact of 
the common section to paths 1 and 2 previous to their first 
experience of the block in Path 2. 


BXPKimiBNT II (MAZK II) 

Apparatus and condilions.—ln view of the negative results 
obtained on Maze I it was decided to try a maze in which the 
choice between paths 2 and 2 would require a larger movement, 
that is, a turning through JKF to the right or left (tig. 2). 

A group of 11 male rats, also of mixed breed and without 
previous maze training, was run in this maze. 

Preliminary training. The preliminary training consisted of 
10 runs a day for 12 days. For the first two days the first three 
of the ten daily runs were “ forced/ 1 as explained above; the 
remaining seven runs were “free/" Hy the end of the second 
day’s running all the rats hud begun to show a decided prefer, 
enco for the shortest path.., viz.. Path 1, Therefore, after the 
second day, only two runs daily (and those not in immediate 
succession) wore permitted over Path 1 ; in the remaining eight 
of the ton runs Path 1 was (dosed by a wire netting set P inches 
back from fhe* entrance, tin* wire gate at this entrance being let 
down by removing the rubber hand. Thus the rat, entering 
Path 1 according to his first preference, found himself blocked, 
had to turn and retrace, and then to choose Path 2 or 2, This 
sort of retracing from Path 1 had tin* advantage of being similar 
to the “insight” run itself in which, however, the ret racing is 
from the block at A. Thus both in the* preliminary training runs 
and in the test runs the rat retraces out of Path 1, but, although 
in the training runs the rat has learned then to take Path 2, in 
the test run lie must take Path 2 in order to show “insight,” 























Tolnum-Ilonxik: “ Insight” in Hals 


221 


J 930 ] 


It is not. meant to imply that the rats invariably entered 
Path 1 when the wire-netting block was in place. On the con¬ 
trary they learned to look into the alley without, entering and to 
choose Path 2 or 2 immediately. This propensity, however, was 
somewhat counteracted by the two runs daily into Path 1, which 
had the effect of keeping the rat familiar with this path and 
inducing him to try it frequently. 



Results of Iruinintf period .--“There was a total ol HOI runs 
with Path 1 blocked as described above. Of these runs, 7.V2 were 
made by way of Path 2 and HH by way of Path 2. We lind a 
considerable preference lor Path 2 as against Path 2, and it is this 
preference or habit which must be overcome on the “insight ” run, 
when the block is put at .1. if “insight ” is to be demonstrated. 

Tost period mxl its results. On the fourteenth day b “in¬ 
sight’’ runs were given. 'Pin* results oi these runs an* as I allows: 
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“Insight 1J run 

1 

2 
i 

4 


No. of tho 11 rats that 
avoided Path 2 
5 
4 

8 

8 

0 


All the 5 rats that avoided Path 2 on the first run blundered 
into Path 2 on the second run. Of the (> rats who did not avoid 
Path 2 on the first run, 4 avoided Path 2 cm the second run. No 
rat avoided Path 2 consistently. It is clear that again ** insight” 

cannot be inferred from the results. 


EXPERIMENT III (MAZE III) 

It now seemed possible to the writers that the situations pre¬ 
sented by the two mazes I and II wore not simple enough for Urn 
animals to show 44 insight. M A third maze was therefore built. 

Apparatus and methods.- This maze* {tig. 21 was of the tde^ 
vated type first used by Miles.'** 1 The* rails, or runways, wore 
1% inches wide, and 20 inches above the finer. The* gate in 
Path 2 was inserted in a short tunnel and was similar to the* gates 
used in the other mazes. Its purpose was to prevent return by 
way of Path 2. The blocks used to prevent entrance upon any 
path were of wire netting mounted upon a strip of wood fitted 
over the rail 

(iHOPP A 

A nimals.— lAu* rats, 15 in manlier, used in this group on this 
maze were all males of mixed breed, from five to eight months of 
age, and had been previously run in an experiment cm inherit * 
anee (H) for 21 days in a 17 unit T-maze, An interval of six weeks 
elapsed between that running and the present experiment. It 
may be well to emphasize* that the* maze* in which the rats Imd 
their first training was an automatic self-recording maze’ * * of the 
ordinary T-type, set on the floor, with 5 inch walls and 4 inch 
alleys, ami was thus of an entirely ditFerent kind from the ele¬ 
vated one used in the* present experiment. 
















t 


1930] Tohnan-llonzik: ‘ Imight” m Bats 22J 

Pirlhniminj training period. —Days 1-8 (twelve runs a day). 
By' the end of the first day preference for Path 1 was evident, so 
that thereafter 10 of the 12 daily runs were with Path 1 blocked 
at /I (see fig. •'!). As occurred in the case of Maze II, the rats in 


lut'd ISux i 


liiiiiiiiiJI 



Pi|*. a. Mazo UMP<1 in Kxpt»ritm*nt III. 

tliis maze also laarnod meroly to look toward blook *1 and make 
the e, ho ice between paths 2 and d immediately without entering 
Padh 1 at all. 

Special effort was made to prevent such immediate choices, 
for the following reason. In the “insight” or test runs (with 
the block at B) the rat is forced to turn and head back toward 


H 
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the starting point ; the behavior of the rat on Path 1 in the train¬ 
ing runs should be similar to his behavior in the * 4 insight" runs 
in this respect; that the rat, in the training runs, should make 
his choice of Path 2 or Path II while headed back toward the 
starting point. In this way the training runs are made to differ 
from the "‘insight ** runs only in the position of the blocks. In 
the training runs the block is at .1, in the test runs it is at It. 
The choice between paths 2 and 11 is made, f bend ore, in both 
training and test runs after the rat has been stopped and has been 
turned back, hut tin 1 choice in the test run must be different from 
that of the training run if it is to show “ insight.” hi order to 
induce the rats to attempt Path 1, at least two runs each day were 
given over Path 1, with no block at A. Knowing that lie had 
made a successful run over Path 1 recently the rat was more 
likely to try it again. But this was not entirely successful, 
Consequently, still another method was tried, Bor the wire 
netting block at J, one made of a piece of elear window glass 
was substituted on the fourth clay. This was eonsiderahly less 
visible than the wire block. This method was effect iw for a time, 
hut again the rats learned to see the glass ami not to approach it. 
As a last resort, rats that did not approach the block at J \<»lun 
tarilv were foreed to do so by blocks placed at <* and IK Binding 
paths 2 and II blocked the rat ran to bloek A, The blocks at 
U and I) were then quickly and quiet ly removed while he was still 
facing tow'ard block J, ami on his return he chose oil her Path 2 
or Path T 

Days 9 HI (twelve runs a day *. On the ninth day of the 
training period a new type of run was in! rod nerd. This eon 
sisted of moving the block A on Path l forward from the point 
A to the point R and setting up also block R With flits arrange* 
ment the rats ran to the block at R had to retrace and then 
choose Path 2 or Path T If Path 2 was chosen the rut found 
himself blocked again at R To permit him to return to the 
starting point again the Work at E was quietly removed while he 
was facing block R Having returned nmv to the starting point 
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the rat could then take Path 3 or blunder into Path 2 by way of 
which he had just found himself blocked. It is interesting to 
note that the first time this type of run was given all the 15 rats 
chose Path 3 on the second return to the starting point; and 
thereafter very few mistakes of taking Path 2 a second time 
were made. 

The defect inherent in this sort of run is obvious; it is very 
much like the “insight” run which was to follow later and may 
he considered direct training for that later run. It is therefore 
important to emphasize that each rat had only 12 runs of this 
sort, that these runs were distributed over 5 days (average of 
2 a day), and that the runs were interspersed among 65 other 
r ims which each rat had during these 5 days. The fact that 
the runs were few in number and were scattered among other 
r ims led the experimenter to believe that their training effect 
could not be great. Further, it should be noted that block B, on 
this run, is encountered not by way of Path 1 (as in the “insight” 
run) but by way of Path 2. 5 

The. advantage of this run and the only reason for its intro¬ 
duction is this: If the rat had never before encountered the block 
at B, his first encounter with it in the test or ‘ ‘ insight’ ’ run might 
conceivably cause considerable confusion, a factor we wished to 
minimize. Therefore, some acquaintance with block B was 
thought advisable, not by way of Path 1 but by way of Path 2, 
as just said. 

Results of training period .—There was a total in all 13 days 
of training of 1357 runs with block A in place. We ask now how 
many times was Path 2 chosen and how many times Path 3, since 
this will tell us how strong a preference there was, or how strong 
a habit was formed, for Path 2. Of the 1357 runs 1229 (90.57 
per cent) were by way of Path 2, 128 runs (9.43 per cent) by 
way of Path 3. The preference for Path 2 could hardly be much 
stronger, especially when we consider that more than half of the 

5 A later control group (see below, Group B) without the introduction 
of this special run gave exactly the same sort of results as did the present 
group. 
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runs over Path 3 were made in the early part of the training 
while the animals were incompletely familiar with the maze. 
There were also 171 “forced” runs over Path 3, paths 1 and 2 
being blocked. 

The number of times each rat took paths 2 and 3, when the 
block was at A, is given in table 1. 


TABLE 1 


\ H58 H65 W56 Wo3 W59 H64 W74 W50 W60 B51 H53 W22 W29 W55 W16 Total 

Path \ 


2 84 83 87 78 73 78 84 80 86 81 73 73 


84 82 1214 


3.5 6 10 8 13 8 3 3 3 14 27 15 1 6 6 


Test'period .—The “insight” runs were given on the four¬ 
teenth day. The results are as follows: 


(( Insight ’ , run 
. 1 
2 

3 

4 

5 

6 
7 


No. of the 15 rats that 
avoided Path 2 

14 

13 

10 

12 

11 

12 

13 


The first “insight” run must be considered crucial since after 
this first run the element of training enters. Anri for the first 
“insight” trial, 14 of the 15 rats responded correctly, taking 
Path 3 immediately in spite of the strong preference and habit 
for Path 2. 

Taking the number of errors made by individual rats during 
the seven test runs, the results are as follows: 

In 7 runs: 1 rat made 5 errors 
3 rats made 4 errors 
3 rats made 1 error 
8 rats made 0 errors 
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More than half the rats made 7 perfect runs. Only one rat 
made an error on the first test run. The.others made errors on 
later runs, notably the third. The fact that 6 rats chose the right 
path, viz., Path 3, on the first test run and made errors on later 
runs may be. explained by a. temporary reassertion of, or lapse 
into, an old habit. 

If the taking of Path 2 or Path 3, after return from block B, 
were a matter of pure chance similar to the tossing of a coin, the 
probability" of M out of In rats taking paths 3 and 1 rat taking 
Path 2 would be .0()04(>. The actual result of 14 rats taking 
Path 3 and 1 rat taking Path 2 on the first test run indicates, 
therefore, a very decided “loading” in favor of Path 3, in spite 
of the fact that, the “loading” during the training period was 
just the reverse, viz., in favor of hath 2. 

Retraining and alternated runs.—On the day following the 
test runs, viz., the fifteenth, the ordinary training runs were, 
resumed, 10 of the 12 runs on this day-being with the. block at A. 
On the sixteenth day 11 runs were given, and those, were as 
follows: The first four runs were “insight:” or test: runs, the. next 
two were training runs with block at .1, then lour more insight, 
runs, and finally one more 1 raining run. Thus, for the entire 
group of If) rats there was a total of 120 “insight.” runs, and a 
total of to training runs on this day. For the training runs with 
block at .1 the taking of bath 3 was called an error, since bath 2 
was open and was the shorter path. In the “insight,” runs the 
taking of bath 2 was as usual called an error. The errors were 
as follows: 

hi the 120 “inHitfht” run*—1H errors 
In thb 45 training ruuH—4 error** 

In tin* 4 * insight.’* runs we may say that each rat made an 
average of one error in H runs, while in the training runs each 
rat made an average of one-fourth of an error in 3 runs. 

This remarkable ability to adjust, correctly to changing con¬ 
ditions suggested the idea, of alternating the blocks between A 


o Tliis has been calculated by the point, binomial: see Holzingcr.oo 













228 University of California Publications in Psychology f V'on. 4 


and B on successive runs, i.e., one training- run with block at A, 
the next an “insight” run with block at B, the third a. training 
with block at A, and so on. This was tried on the seventeenth 
day. Eleven runs were given, 6 being training runs and 5 test 
runs. Counting errors as above, the results were as follows : 



“Insight” 

Training-run 


errors 

errors 

10 rats 

0 

0 

1 rat 

2 

1 

1 rat 

0 

2 

1 rat 

1 

0 

1 rat 

3 

0 

1 rat 

T__ J . Ui , 

1 

0 


In these alternated runs both the glass and the wire-netting 
blocks were used, and their positions were alternated between 
points A and B. For one run the glass block was at If the wire 
block at A, and for the succeeding run the glass block was put at 
A y the wire block at B. This was to cheek the possibility that tin* 
rats might have become conditioned to the nature of the blocks, 
the glass block being a sign for Path 2, the wire block for Path :i! 
The alternation of blocks caused no change or confusion in file 
behavior of the rats. Their behavior gave unmistakable evidence 
that they had grasped so well the relation of the paths to each 
other that they were able to take the right path wherever either 
block was placed. 


To ascertain the possible effect of the twelve special runs per 
rat which were introduced during Days 9-13 with Group A viz 
the runs with blocks at E and B, which might perhaps have’been 
direct training for the "insight” trials, another group of 1 () male 
rats of mixed breed from five to eight months of age and without 
previous training of any sort was given training for 14 davs 
^ without these bloeks-at-^and-7* runs. Otherwise the genend 
conditions were the same as for Group A. 

»f m I"**-*** w* f»r II,, ,uIir, 

runs, 1081 (or 91.77%) were over Path 2, and 97 (H.^) Ivlr 
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Path 3. The preference for Path 2 as against Path 3 is obvious 
and is even stronger in tins group than in the previous Group A, 
The number of times each rat took paths 2 and 3, with the 
block at A, is given in table 2. 


TABLE 2 



Results of test perkul ,—Day In. The results of the “insight” 
runs wen* as follows: 


1 ‘ I anight ’ * run 


No. of the 10 rat h that 
avoided Path 2 


I 

*» 

;t 

4 

0 


7 

9 

all 

S 

alt 

9 

0 


Taking the number of errors made by individual rats during 
the seven test runs, the results were as follows: 

In 7 rutin: I rat math 1 3 errors 
l rat made 2 errors 
3 rat-H tnndo \ error 
H ruin made 0 errors 

The probability of 7 out of 10 rats taking Path 3, and 3 rats 
faking Path 2, assuming that, tin* choice of these paths is a ma!ter 
of pure chance, would bo 0.117. That is, assuming pure chance, 
we should expect a distribution of this sort about twelve times 
in one hundred. Put actually there was a heavy M loading” tin* 
other way, viz., in favor of Path 2, built up during the training 
runs, as is indicated by the proportion of 1 OS 1 runs in Path 2 to 
97 runs in Path 3. 
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RESULTS 

1. “Insight,” in the sense in which we have used the term 
here, seems to be definitely proved for Maze III with both (<r<mp 
A and Group B. That is, under the conditions of this elevated 
maze and of the kinds and amounts of preliminary training 
given, the rats of both groups, upon first finding a bloek in the 
final common path, as a result of taking one “entering” path 
(Path 1) immediately (i.e., without any trial and error learning) 
also avoided the taking of the other “entering” path (Path 2). 
And this result was obtained in spite of the fact that these rats 
had shown a very strong propensity to take this second “enter¬ 
ing” path, when the first “entering” path (and not the final 
common path) was blocked. 

2. No evidence of such “insight” was obtained under our 
conditions for either Maze I or Maze II. 


DISCUSSION 

To explain the fact that we obtained no evidence or insight 
with our Maze I, although Hsaio H > did obtain evidence of such 
insight with a very similar maze, two points are to he noted 
(1) Our maze was not exactly identical in shape with Ilsaio’s 
and (2) we did not give the amount and distribution of prelim¬ 
inary training that he did. Either of these two points may have 
been enough to explain the difference between his results and 
ours. For the factors which actually govern the appearance or 
non-appearance of “insight” are in the present state of our 
knowledge still quite uncertain. 

To explain the fact that no insight was obtained in Maze II 
although it was obtained in Maze. Ill which had an identical 
ground pattern, it would seem important that Maze III had no 
side walls as did Maze II and hence the rats were able in Maze 111 
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to “see” the situation as a whole. Or, even if the rats in Maze 
III were not able to “see” all the paths at any one moment, they 
might still hare been better able to grasp the connections between 
the paths, owing perhaps to the open space on all sides of the 
runways, which may have served to accentuate the relations 
between the paths. 
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VISUAL 


IHSTANOE PERCEPTION IN 
THE RAT’ 


BY 

ESTHER W. KOHINHONr km II, 0. WEVER 

This study is concerned with the ability of the rat to- use 
vision in the maze situation. A simple T-type of maze was used 
under conditions that made it possble to determine at what 
distances rats are able to ascertain visually whether a path is 
open or closed. Further, after a measure of the visual capacities 
of the animals had been obtained under normal illumination, the 
illumination was gradually reduced in order to determine the 
animars capacities under these latter conditions also. Inci¬ 
dentally, since two types of rats were used, albino and pied, the 
experiment gives some information on the difference in visual 
capacities of pigmented and unpigmented animals. 

EXPERIMENTAL PROCEDURE 

Fifteen rats wen* used, all males, about two months old. 
Seven of these were albinos, six pere pied, with hoods, and two 
were uniform gray, one very dark and the other somewhat 
lighter; tho pied ami gray animals all had pigmented eyes, and 
for the purposes of this experiment may be classed together. 

Preliminary to tin* main experiment the animals were trained 
on a 14-blind T type maze" in complete darkness in order to 

> Thin experiment was performed in the Psyrhologteal Lubornt ory of 
the Pmvermty of Halt forma in 1PI!7 ; publication has boon unfoldunutelv 

delayed. 

*• This iim/, 1 ' ivjim one devised by M. II, Elliott- and kindly loaned for 
our use; for its doscript ion ami illustration, see HUiott, * * The effort of 
change' of tv ward tut t ho maze performance of rats, ’ ’ Ihtiv, CttUf. Puhl. 

(1 tips t, 1 ;C0 SI, The tutrta ins, as described by HlHott, had not 
been added at the time of our use' of the maze. 
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obtain an index of the activity and learning ability of the animals 
apart from the visual factor. To make it possible to follow the 
rats in the maze during this training:, they were provided with 
tape collars bearing a daub of luminous paint. After a pre¬ 
liminary run the first day, the animals were given three rims 
daily for from nine to twelve days, which in most eases was 
adequate for mastery of the task. 


In the main experiment a simple unpainted redwood maze of 
T-form was used, as illustrated in figure 1, Two paths, P ami A, 
led from the entrance to the food, but doors of the vertieal slid¬ 
ing type, and of the same material and color as the walls of the 
maze, were provided at. d, d to permit the closing of cither path, 
as desired. Along the top of the paths a row of eleetrie lights 
gave even illumination. At the choice point, /\ the right and 
left alleys were obscured from view by two Mark flannel ear 
tains, c, c, making it necessary for the rat to enter tin* blind in 
order to see whether the path was open. 

For about every third trial both paths were left open ami 
the rat made his way unimpeded to the food. For tin* remain 
ing trials both doors were closed until the rat had passed into 


one alley, had turned around and started hack; then the door of 
the unentered alley was quietly opened by moans of a eord in 
the hands of the experimenter and t ho animal thus permitted 
to pass along that way. Each alley was marked off at M inch 
intervals so that the distance from the door at wldeh t he animal 
turned back could be recorded. 

Each animal was given ten trials daily in this situation. 
There were three trials with both doors open, and seven in whieh 
the animal was obstructed by a door and furred to ret rare his 
.path. The animals showed for the most part a ready ability for 
their task. As one would expect, they at first went the whole 
length of the alley and spent a good deal of time in exploration, 
but soon such activity largely disappeared, and the behavior was 
reduced to very simple terms: the animal, often after prelimi 
nary hesitation at the choice point, ran under one curtain and 
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into its alloy tor a littlo distance then brought himself up 
abruptly, perhaps skidding a bit in the stopping process, turned, 
and passed through the other path with no further delay or uncer¬ 
tainty. The distance from the closed door at which the turning 
was made increased gradually during the first few days’ train¬ 
ing, and reached its maximum in most cases after about 20 days. 
Training was continued for 21 to III days* 



F 


Fig, l. f migrant of Hi** two wav maze. K, ,starting point* t\ choice 

paint, lu /i\ left iind rigltf alley m, e, curtain, d, *h»»r. /•*» food pnn. 

Tin 1 reason for the frequent trials with both doors open 
obviously was to prevent the formation of a habit of systematic- 

ally going down ctic path a certain distance and then turning 
back. That such a habit did not appear is evidenced by the rare 
oceusions on wtiieh the animats tnrnetl baek when the path was 
open: no rat did this more than live times during the training, 
ami the average was about two times, To guard further against 
the meehaui/.at mu c.f activity, the rhythm of “turn baek twits* 
and go forwornl once was occasionally broken up by forcing tin* 
animal to turn back twice in a given trial before opening the 
door. Such variation . of t he u ,ual proeedtuv seamed to cause 
little or no disturbance of the animal *s performance. 

After training for :*A to do daw* under norma! illumination, 
an adjustable rheostat was placed in series with the lamps anti 
the illumination was redueed h\ small amounts daily until the 
animals wans* running in almost complete darkness, This pro* 
ordure took 21 days, the resistance of tin* rheostat being tin 
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creasd by a certain amount each day; the number of daily trials 
were increased to fifteen (five of which were “open” rum). 
Toward the end of the period the illumination was so low that 
the rats had to be provided with luminous collars, as in the pre¬ 
liminary experiment, in order to be visible in t he maze*. 

The results of these experiments are given in the form of 
graphs in figures 2 to 16; the graphs on page 237 are for the 
seven albino animals, numbered A 1-7, while those on page 238 
are for the eight pigmented animals, numbered P 8-13 (pied) 
and G 14—15 (gray). 

In each figure three curves are shown. The first, marked X, 
shows the performance of the animal under normal illumination ; 
successive days are shown along the abscissa, while distam'es 
from the closed door that the animal turned hack are shown 
along the ordinate. The points plotted are averages of seven 
trials on a given day. 


ine second curve, marked R and made up of broken lines, 
shows the performance of the animals as the illumination is 
reduced a step at a time each day. Each plotted point represents 
an average of ten trials. 

The third curve, on the extreme right, shows the results of 
the preliminary experiment, when the animals were trained on a 
14-bhnd maze in complete darkness. Days are shown along t In* 
abscissa, and number of errors along the ordinate. The points 
plotted represent the errors of a single trial on a given day. 

A consideration of the curves for the preliminary experiment 
shows that the rats were able to learn the maze with fair readi¬ 
ness. There are apparent differences in the performances of 
the individual animals, but no significant difference between the 
albino and the pigmented groups. 

Such a difference is immediately obvious, however, when we 
consider the results of the main experiment. The. N-<nirves for 
he various animals are of the some general form, showing the 
steady increase m the distances from the door at which the 
mmas nrned back as the training progressed, but the maxi- 
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mum levels of the curves ore without exception higher for the 
pigmented animals, showing* a greater capacity of distance- 
vision. The maximum distances for the pigmented animals vary 
from about 2S to 31 inches, averaging 30 indies, while for the 
albinos the distances vary from 11 to 21 inches, with an average 
of 18 incites. The group difference is thus about 12 inches, in 
favor of the pigmented animals. 

The superiority of the pigmented animals was still main¬ 
tained as the illumination was reduced. Tin* R curves art* in 
general of a eharaeteristit* form : the high level of performance 
was fairly well maintained as the illumination was reduced, up 
to a certain point; on further reduction of tin* illumination, the 
performance was seriously impaired. 

The fact that under favorable conditions rats art* able to 
detect, at distances of 20 to 30 indies, whether a path is open or 
elosed is of obvious relevance for maze work in general. It is 
plain that the use of simple blinds of this order of magnitude 
admits their elimination in visual terms as soon as tin* rat has 
learned tin* nature and significance of a blind as such. The 
use of “dhows” or “dumbbells” at the termination of tin* blinds 
will of course rule out the visual factor when it is desirable to 
do so, A much simpler device suitable for maze work in general 
is a small doth curtain, as used above, hung in every alley 
(blinds and true paths alike) about four inches from tin* choice 
point. 8 

SUMMARY 

Rats are able to ascertain visually whether a path is opened 
or (dostsl at distances of about IK indies for albinos and 30 inches 
for pigmented animals. The capacity suffers a breakdown as the 
illumination is greatly reduced, but tin* pigmented animals 
remain superior at all stages. The ability shown seems to be 
largely independent of the general activity and learning capacity 
of the animals as revealed by maze performances in complete 
darkness, 

;i FW tie* U'U' t.r HXU’U curtaom, ram Kllmtt, op. ami other recent 
experimental atudiea from thin laboratory. 
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DEGREES OF HUNGER, REWARD AND NON¬ 
REWARD, AND MAZE LEARNING 
IN RATS 1 


BY 

E. C. TOLMAN and C. H. HONZIK 


It has been shown by Blodgett, (2) Williams/ 10} and Elliott (5) 
that hungry rats that are non-rewarded in the maze (i.e., given 
no food, or water instead of food, at the end of each run) show 
a relatively poor maze performance during such non-reward 
periods. Somewhat similar results have been obtained by 
Warden and Haas (9) and by G-rindley/ 7> 

Tolman, Honzik and Robinson (8) found that rats which were 
abundantly fed after each run and which gained weight during 
the course of the experiment learned more slowly, i.e., made 
more errors and took more time in individual runs, than rats 
which were fed less and that lost slightly in weight during the 
experiment. Anderson and Smith (1) in a study of the effect of 
quantitative and qualitative stunting upon maze learning in the 
white rat showed that “stunted rats are superior to rats that 
grow normally in relearning a maze. J * 

In general, these two groups of studies indicate that either 
lack of appropriate reward or lack of motive decreases the rate 
of overt improvement in maze performance. The purpose of the 
present experiment was further to investigate all four condi¬ 
tions—reward, non-reward, hunger, and lack of hunger—and to 
make more accurate comparisons of their effects. 

i The expenses of this experiment were borne in part by grants from the 
Board of Research of the University of California. 
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APPARATUS AND METHODS 
Maze .—The maze used was a 14-unit T-maze made of 
unpainted redwood. The arrangement of the blinds is shown in 
figure la. The dimensions of one unit, whieh includes the stem 
and a cul-de-sac, are given in figure 1l>. The gates shown in 
figure 1& were placed at the same point in each ui the lourteen 



units. Their sole purpose was to prevent return of the rat into 
a unit he had already traversed. Black cloth curtains, placed at 
the points indicated, prevented the rats seeing any differences 
between the blind alleys and the true path. The food host's at 
the end of the maze contained five compartments, one for each of 
five successive rats. The entire maze was covered by hard wart* 
cloth with a half-inch mesh. 
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General procedure. —Training for all the four groups of rats 
was carried out concurrently, under identical conditions, and all 
groups had the same preliminary training. 

Preliminary training.— This accustomed the rats to being 
handled, and taught them to manipulate the gates and curtains. 
It consisted of two runs a day for five days, as follows: first day, 
two runs in a 30-inch “straightaway” with no gate or curtain; 
second day, two runs with curtain in place hut no gate; third 
day, two runs with both gate and curtain in place; fourth day, 
two runs in a single T-unit with cul-de-sac to the left and with 
two gates and three curtains in place; fifth day, same as the 
fourth day. During the preliminary training the rats were fed 
at the end of each run, but sparingly, so that, during the five 
days, each rat lost from 5 to 15 grams. 

Training proper. —This consisted, for all the groups, of one 
run a day in the 14-unit maze for seventeen days. The runs were 
given each day at as nearly the same hour of the day as possible. 
Small sections of the four groups were run concurrently; this 
assured that improvements in technique, if any, would affect all 
groups equally. 

The four groups of rats were differentiated from each other 
in respect to hunger and reward as follows: the rats of the 
hungry rewarded group (to be designated hereafter as HR 
Group) were fed their full daily rations of modified Steenbock 
mash in the food box at the end of the run. Each individual was 
weighed every third or fourth day during training and his ration 
was limited, in proportion to his weight, so as to make him lose 
from 10 to 36 grams. (The amount of absolute loss depended 
somewhat upon his original weight.) (Table 1.) 

The rats of the hungry non-rewarded group (HNR Group) 
were fed in thei/r living cages, but not less than three, nor more 
than four, hours after the daily run. The three-hour interval, 
it was thought, was long enough to prevent an association being 
formed between the running of the maze and the food reward. 
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The boxes at the end of the maze for these rats were never used 
for any other rats and care was taken that no food should ever 
be placed in these ££ non-reward boxes.” The rations for these 
rats were also limited, in order to make them lose weight to 
approximately the same degree as the HR rats. (Table 1.) 

The less hungry rewarded rats (LHR Group) were fed in the 
end food box, in sufficient amounts to increase their weights (4 to 
40 grams) during the seventeen days’ training. (Table 1.) 

The less hungry non-rewarded rats (LHNR Group) were fed 
in their living cages, like the HNR rats, not less than three, nor 
more than four, hours after the daily run. In amount their 
rations equaled approximately those of the LHR rats. They 
gained approximately the same weight as did the LHR rats. 
(Table 1.) 

The rats. —Each of the four groups consisted of 36 male rats 
from 3 y% to 5 months of age, and of mixed coat-color, some being 
hooded, some black, but the majority white. The colors were dis¬ 
tributed by chance fairly evenly among the groups. All rats at 
the beginning of their training were healthy and in good physical 
condition. As against the 144 rats that completed the experi¬ 
ment, there were five that were discarded because of illness and 
four that for unknown reasons refused to run. 

Scoring. —Time and error records were kept. An entrance 
into a blind the full body-length (not including the tail) was 
considered an error. No attempt was made to record degrees of 
entrance. A second or third entrance into a blind during the 
same run was also considered an error and included in the 
records. Returns into units just traversed were prevented by 
the gates; there were therefore no retracing errors. 

The blinds in the maze were numbered in order from the first 
to the fourteenth, and each error was recorded by the number of 
the blind in which it was made. All movements and errors of 
the rat were clearly discernible in a convex mirror hung over the 
maze, and with a little practice were easily recorded. 












246 University of California Publications in Psychology [ VoL 4 


GROSS QUANTITATIVE RESULTS 

Learning curves .—The point of first interest is a comparison 
of the learning- curves based on error scores of the four groups. 
These are given in figure 2. 

The curve for the HR Group, the group in which there were 
present both a strong internal drive (hunger) and an obvious 



satisfaction of this drive (food), is seen to be a typical learning’ 
curve and indicates more rapid learning in this group than in 
any of the other three. The LHNR Group, in which there were 
absent both strong drive and any obvious reward, learned more 
slowly than any of the other groups; however, some learning 
apparentiy did take place. This is explained by the assumption 
that the outlet from the maze is in itself a weak reward, an 

assumption corroborated by the results for the different blinds 
(see fig. 6). 
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The learning curves of the remaining two groups, less hungry 
rewarded (LHR) and hungry non-rewarded (HNR), are very 
much alike, indicating that lack of drive with reward, and 
presence of drive without reward, were factors of about equal 
potency in the learning of the maze. 

Error curves alone, however, do not tell the whole story of 
the learning process. Time is also an important element. Time 
curves for the groups are shown in figure 3. 



Here again the typical learning curve of the HR Group is 
considerably lower than the other curves. The relations between 
the time curves of LHNR, LHR, and HNR groups, however, are 
not quite the same as those between the error curves for these 
groups. The HNR Group now gives as high a curve as does 
the LHNE Group. 

Two other points of interest appear in the time curves of 
LHNR, HNR, and LHR groups: (1) the upward trend of all 
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three curves, but particularly of the IINR ami LfINR curves, 
and (2) the large drop in all these curves on the second day, 

(1) The upward trend of the time curves, when considered in 
connection with the error curves, means in general that, although 
the rats were making fewer errors on successive trials, they spent 
more time, i.e., moved more slowly or wandered about more in 
the true path and in the blinds. We may say that the rats hinl 
learned, to some degree, to avoid the blinds, but they still had 
no incentive to reach the end of the maze as soon as possible. 

(2) Time scores on the first day would naturally be high because 
of the rats’ unfamiliarity with the maze and their consequent 
exploratory movements. The large drop on the second tiny in 



Blinds pointing away from 
food or outlet. 


Blind* pointing tmvjird 
food or outlet. 


Fig. 6. Showing relative difficulty of blinds. (’.dunum mIu.vv ,.,-r 
°i total number of errors in each blind. 

LHNR, HNR, and LHR curves is probably to be account.*,1 for 
by a large reduction in errors, as indicated by the error curves. 

Dxstnlutwn of the rats as to error and time scons. .In order 

o give some idea as to the reliability of the group difference,, 
equency polygons have been constructed, which show the <\is- 

:“«f ( ;i e 5 r r s bott as to error fn — .. 
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Tables. —In table 2 the critical ratios are to be read in con¬ 
nection with the frequency polygons. It will be seen that the 
differences in errors between all the groups, excepting that 
between the LHR and HNR are statistically significant. In other 
words, the differences between the groups were, with this one 
exception, not due to chance but are attributable to the differ¬ 
ences, presence and absence of drive, presence and absence of 
reward. 


TABLE 2 
Errors 


Group 

Mean of 
Group 

Sigmas of the 

Critical ratio with 

distributions 

LHNR 

LHR 

HNR 

HR 

LHNR 

106 

22.91 


1.81 

2.53 

7.40 

LHR 

95 

28.84 

1.81 


.70 

4.86 

HNR 

90 

30.00 

2.53 

.70 


4.01 

HR 

69 

25.28 

7.40 

4.86 

4.01 



In table 3 the differences in time between all groups, except 
that between LHNR and HNR, are significant. 


TABLE3 
Time 


Group 

Mean of 
Group 

Sigmas of the 
distributions 

Critical ratio with 

LHNR 

LHR 

HNR 

HR 

LHNR 

62 

29.93 


2.96 

.21 

6.94 

LHR 

46 

19.82 

2.96 


2.28 

5.59 

HNR 

60 

31.65 

.21 

2.28 


6.34 

HR 

25 

12.00 

6.94 

5.59 

6.34 



In order to get some notion of the effect of degrees of hunger, 
reward , and non-reward on the reliability of the maze as a 
measure of individual differences, we have computed the reli¬ 
ability coefficients based on even-day scores versus odd-day scores 
for the four groups (table 4) (days 2-17). 


i 
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TABLE 4 


Reliability Coefficients based on Even-Day verms Odd-Day HvuttEH 
in Errors and Time 


Group 

Reliability om*tlineut« 
for errors 

HR. 

.957 db .000 
.905 ± .007 
.850 ± .030 
,858 db .029 

HNR..... 

LHR... 

LHNR. 



Reliability nwffiriintto 
for tmw 

Am ;i* mi 

.907 i; Am 

Am 4" Aim 
,HS*2 Am 


It will be noticed that the reliability coefficients based <m time 
scores decrease as we pass from the Hit Group to the JIXR, I,HR, 
and LHNR groups. However, only in the ease of the t.ilXR 
Group as compared with each of the other three groups, is the 
difference between reliability coefficients large enough to be signi¬ 
ficant. We may conclude that so far as time scores are concerned 
the maze seems to be a more reliable instrument when both 


motive and reward are present. 

Turning to the reliability coefficients based on error scores, we 
note that the coefficient for the HNR Group is slightly higher 
than that of the HR Group, contrary to what would be expected. 
But the coefficients for the LHR and IdIXR groups are, as would 
be expected, somewhat lower. It appears that, for tin- maze and 
the conditions here used, the reliability of the maze so far as 
error scores are concerned is not reduced by absm.ee of reward : 
absence of hunger, however, and absence of hunger with absence 
of reward, do reduce its reliability. In general, however, these 
reductions are surprisingly small. 


—- m i in k fhl 

Relative difficulty of the blinde.-lt will he seen hv 
ot %ure U that the blinds point in f„„ r direetions', i.“ ,|„wn 

I” ex°t w » tht e “h t tT M r d e:t,t ’ " p ' v, ‘ ni n ' ay ,nm .. 

to the left (away front exit and food,. We .nay ’ 
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blinds pointing downward or to the right, food-pointing blinds, 
and those pointing upward or to the left, non-food-pointing 
blinds. If there is any difference in difficulty between the two 
classes, as measured by the number of errors made in a blind, we 
should expect that the food-pointing blinds would be the more 
difficult. It has been shown by Dashiell (4) that rats very soon 
get a “ notion 77 of the general direction of food and show a 
tendency to take openings pointing in that direction. In two 
studies soon to be published, Yoshioka cll) and Gengerelli (6) have 
come to the same conclusion, namely, that “rats are sensitive to 
a goal-direction in a maze, and a learning of the goal-direction 
plays a part in the maze solution. 77 Borovski also has shown that, 
in a relatively simple maze in which all blinds point either for¬ 
ward or back, the forward-pointing, i.e., the food-pointing, blinds 
are much more difficult to eliminate than the backward-pointing 
blinds. Hence we should expect blinds pointing toward food to 
be entered most frequently and to be harder to eliminate. This 
expectation was substantiated. 

Figure 6 is a bar diagram giving a graphic representation of 
the relative difficulty of the individual blinds. The height of 
each bar is based on per cent of total errors made in the blind 
represented by the bar. This figure is to be interpreted as 
follows: 

(1) The blinds pointing down and to the right (food-pointing 
blinds) are by far the most difficult, five of these blinds having 
more than 50 per cent of all the errors in each of the four groups, 
as against the remaining nine blinds which in the case of each 
group have less than 50 per cent of the errors. Since two of the 
groups are “non-rewards/ 7 we must postulate an outlet-seeking 
impulse as well as a food-seeking impulse, because even for these 
non-reward groups, food-pointing (now merely exit-pointing) 
blinds are the most difficult, i.e., such blinds are most often 
entered. 

(2) The Hungry Rewarded Group finds the five food-or- 
outlet-pointing blinds considerably more difficult than do the 
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other three groups. We are safe in saying that the eumlitimi, 
food and hunger, makes the food-pointing blind** more difficult 
than they are for the conditions, hunger ami no food, less hunger 
and food, and less hunger and no food 

(3) The Less Hungry Rewarded Group also finds the food- 
or-outlet-pointing blinds more difficult than do thr HXlt and 
LHNR groups: these food-or-outlet-pointing blinds are, however, 
not as difficult for the LHR Group as they are for the 11 It Group, 
Comparing the two groups, HR and HNR, we have the follow¬ 
ing distributions of errors for the two classes of blinds: 


TABLE 4 


Group 

Errors in nine non-fowl- Errors in tiv*» fwidinnutmi 

pointing blinds bbwh 

Number 

Percent Number iVr rent 

HR. 

838 

1541 

.300 dr. .000 1-MS tm | (MMi 

.477 ± ,000 tliS!l .iVJti 1 (KIT. 

HNR. 



For the HNR Group the distribution of errors among the 
two classes of blinds is nearly equal, 4H per cent ami :*:J pm* cent. 
In the HR Group there is a decided shifting from tie* .Ml .'.II 
proportion, i.e., the percentages are 37 per cent for rum 
pointing blinds and 63 per cent for food-pointing blinds. 

This shifting from the 50-50 proportion, or the •'renter piling 
up of errors by the HR Group in the food-pointing blinds is 
undoubtedly due to the greater “interest” of the rewarded rats 
in the direction of food. The greater the “interest *' in the goal 
the more difficult goal-pointing blinds become. 




1. Hungry rewarded rats, as measured both by time ami 

errors, learned the maze more rapidly than did the other three 
groups. 

2. Less hungry non-rewarded rats had time- ami error-eurves 

a l 6d ^ SWt eliminati0n « f ami an actual 

ncrease m time on successive runs. 
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2, Less hungry rewarded rats and hungry non-rewarded rats 
had error curves that indicates! approximately the same amount 
of learning. Hut the time curve of the HXR rats was closely 
comparable to tin* time* eurve <d‘ the LHNR Group, 

4. Hunger and food reward, or in more general terms, drive 
and tin* possibility of its sat is faction, an* the two factors which, 
when both are present, produce the most rapid learning. On the 
other hand, absence of both these factors causes tin* slowest learn¬ 
ing. Lack of drive \ hunger) with the presence of its normal 
satisfaction \ food i, and presence of drive t hunger) with absence 
of its satisfaet ion \ food \, as measured by tin* error curve, pro¬ 
duced, under the conditions of this experiment, overt learning in 
approximately equal amounts, 

;>. So far as Hun* scores an* concerned, the maze used in this 
experiment affords a reliable measure of individual differences in 
maze learning ability under all conditions, except the less hungry 
non reward condition. In the ease of error scores, reward and 
non reward i with hunger» both gave reliable* results under tin* 
conditions used. 

{}, The maze also appeared to afford a good measure* of group 
differences, as indieated ley the freepieuey polygons for error and 


time scores, 

7. The* blimis in the* maze* are* divided into two kinds on the* 
basis of difficulty of learning t elimination i. 'Phis division 
appears to correspond close*! \ with a division base*l on the* direr- 
tion in which the* blinds point, Hut it is not assertt*d that (jnalrr 
difficulty of learning is caused emt indy, or t*vt*n mainly, by the 
fact that blinds point fointnl f not l nr t\nt , < Mhe*r faeteu\s besides 

food and e*xit non/ help to make* the* food exit pointing blinds 
more* difficult to eliminate*. 
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INTRODl'OTION AND REMOVAL 
OF RFWARD, AND MAZF RFRRORMANOR 

IN RATS 


Iff 

K. <\ TULMAN ami C, Ih HONKIK 

lNTHOI)t f C‘TinX 

Hxporimonts by lllodmdf 1 ‘ Simmons,’* 1 * Sxymanskid m Will¬ 
iams, i!h mid Kiliott,'-" haw shown that* if rats bogin tho loamin^ 
of a maxo with no reward, or with only a slightly offeotivo reward, 
and then at a lator stayv a won* oftVotivo rowan! is introd need, 
suddmi drops in tlm terror arid time oitrvos appear. Those drops 
seem t<» testify to a UtU ut hamimj aetpuivd during tho non- 
Toward or poorly rewarded period, a learning wldeh is math* 
manilest only after t ho int rod not ion of t ho more etVret ivo reward. 

A reverse phenomenon has also been recently demonstrated. 
Klliott 1 ^ obtained a sudden rise in tin* performanoe curves when 
an originally effert i ve roward was removed, and a. less effective 
one suhstitutod. Stnts» flu* eompletion <d‘ tla* experiments to la 4 
reported here, Hruee* '' and Sharp*** have also presented findings 
similar to those of Klliott, Ttmy all found a disintegration in 
flu* performance directly subsequent to tho removal of an initial 
mvard. 

Tin* prostuit experiment was designed to examine hotli typos 
of phenomena, and especially to analyze thorn with respect to 
ontraneos into food f exit \ point dm ami into non food ( non exit) - 
pointing blimis, considered separately, 
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APPARATUS AND MBTHOHS 

Maze. —The maze was a 14-unit T-maze, used in the previous 
study/ 81 (See fig. 1.) The arrangement of the blinds is shown 
in figure la. 

General procedure. —Eighty-two male rats, divided into two 
groups of 41 rats each, were run in the maze. Due group was 



called the Hungry Reward-Non-reward (IIR-NR) Group, the 
other, the Hungry Non-reward-Reward (HNR-R) Group, 
Preliminary training . —This accustomed tile rats to being 
handled, and taught them to manipulate the gates and curtains 
before being run in the maze itself. It involved the use of a 
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straightaway and a single T unit for five days and was in every 
way identical with that of the previous study.** 1 

Training propt'?\ This consisted, for the two groups, of one 
run a day in the I t unit maze for 22 days. For the Jlungrp 
Reivani-Xon-n ward \HH SB) Group a food reward was given 
at the end of eaeh run from the first to the tenth day, inclusive. 
On the eleventh day of training food was withdrawn, and the 
rats ran into end boxes that had never contained food of any 
sort hut were in all physical aspects like the real food boxes. 
It should be noted that this eleventh day, although no food was 
in the end box, belongs with the first ten days, u\, in the reward 
period, since the rats did not know, when they started this day’s 
run, that no food was to tie had. The non-reward period 
extended, then, from the twelfth to the twenty-second day t 
inclusive. During fids period the rats were fed in their living 
cages (one rat in a cage 1 not, less than three hours nor more than 
four hours after the eompletion of the day’s run. The amount 
of the daily food ration during the total 22 day period was 
adjusted to the weight of the rat and wan sueh that the rats lost 
weight in various degrees (he,, from HI to 92 grams), depending 
somewhat on initial weight, fTable 1,) 

For the It unpeg Non reward Hr word ( USB B) Group no 
food was given in the end boxes from tin* first to the tenth day 
inclusive, The rats were fed during this period, in their living 
cages, not less than three hours after the day’s run, as in the non- 
reward period of the other group. On the eleventh day food was 
placed in the end tames, Again it should be noted that this 
eleventh day belongs with the first fen days, since the ruts did not 
know at the beginning of the run that they would he rewarded. 
The reward period extended therefore from the twelfth to the 
twenty second day inclusive. Throughout the total 22-day period 
the rats were fed in proportion to their weight so as to keep 
them hungry, f Table 1.) 

The daily runs were given as nearly at tin* same hour of the 

day as was possible; actually the fluctuations in this respect, 




















TABLE 1 

Initial Weights and Losses in Weight in Grams During Training 
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whon t hey oeeurred, did not extend beyond one hour. Small 
sod ions of both groups worn run eoneurreutly. This assuml 
that improvements in technique, or other changes, if any, would 
affect both groups equally, 

flu ntts,' Tito rats of the two groups worn mains tHA to 5 

months old, without any previous training, and of mixed coat-* 
eolor, some being hooded, <»| hors black, hut most lining white. 
The eoat eulors vvon* fairly equally distributed by chance between 
the two groups, The rats at the beginning of the experiment; 
were all healthy and in good condition. As against the 82 rats 
that completed the training four were discarded because of illness 
and three wen* disearded because for unknown reasons they 
refused to run. 

tfeorhuf, Time and error records were kepi,. An entranee 
into a blind the full body length (not including the tail) was 
eonsidered an error, No attempt was made to reeonl degrees of 
entranee. A seroud or fltinl entrance into a blind during the 
same run was also considered an error and inelttded in the 
records, Returns into units just traversed were prevented by 
the grates; thus this type of error is not present in our maze. 

The blinds in tin* man* were numbered in order from the first 
to the fourteenth, and eaeh error was retarded by the number of 
the blind in which it was made, A eonvex mirror over the maze 
made it possible to see the movements of the rat in any part of 
tin* maze. 


URUKS QUANTITATIVE IIEHVLTH 

Ituntjnj Hrwtirtt A ’on tt inmt Urtnip, Figure 2 presents the 
learning rurves based on error seems of the HU Nil Uroup as 
compared with two other groups, namely, a Hungry Reward 
(HU) Uroup, and it Hungry Non reward (HNR) Uroup. The 
two latter groups were parts of the previous experiment** 1 in 
whieh the same maze was used and other conditions were the 
same, save flint these other groups were run at an earlier time. 
Each of the latter two groups consisted of 26 (instead of 41) 

















verage errors X constant (3) 
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rats, but the three curves of figure 2 are comparable since they 
are in terms of average numbers of errors. 

Examination of the three curves brings out the following 
points: First, the rate of learning of the HR-NR Group during 
the reward period was approximately equal to that of the. 
HR Group during the same eleven-day period. If anything, the 
HR-NR Group learned a little more rapidly from the third to 



Kg. 2. Error curves for HE, HNB, and HB-NE. 

the eighth day. Secondly, on the day following the removed of 
reward, that is, the twelfth day, there is a sudden rise in the 
curve. This rise is continued on the thirteenth day. Thirdly, 
the level reached by this sudden rise corresponds closely to the 
level of the HNR Group at the same stage of the training. 

Figure 3 presents the time curves of the three groups. The 
same three points are to be noted but with certain modifications. 
First, the rise in the time curve of the HR-NR Group, when 
reward was removed, does not appear to be so sudden. Secondly, 
the time curve, after removal of reward, does not reach that of 
the HNR Group. 


Average time X constant (5) 
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With neurit to the error curve of the IIR-KR (Jroup it; is to 
be noted that the sudden increase in number of errors on the day 
following removal of reward is equal to ol errors, or an average 
increase per rat of 1.1 error. Tin* increase on the next, day equals 
12 errors, an average of about ,7b error per rat. During the 
reword period of this group there were slight rises in the curve 
on the fifth, ninth, and tenth days. But in each ease the rise was 



t kiyn 


Fig. a, T»m«« for KIU ( UN It, mui lilt Nft, 

equal to only one error, or nn average per rat of St error, There 
art», houwor, Iar*r»*r upward jumps in the HR Uroup on the 
third, ninth, and titWiith day*;, of ttmso tho largest is that of 
the fifteenth day, and amounts to Id errors (average, ,42 error). 
To show that tin* average rise un tin* twelfth day in the I1R«NR 
eurve in Miguifleimfly larger limn tin* average jump of the HR 
mirve we must compare tin* two jumps as to their standard 
deviations. These comparisons am given in table 2. 

A eritteal ratio of 2.2:t, interpreted in tonus of probability, 
moans that a difference led ween tin* two upward jumps as largo 
as that obtained would oeettr by chanee about 1,4 times in 100 
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times, or slightly less than one-seventieth of the time. It is there¬ 
fore fairly certain that the rise on the twelfth day of the HR-NR 
error curve was due to the removal of reward and not to ordinary 
chance factors such as produce occasional rises in the curve for 
the HR Group. 

Although a full day intervened between the time the rats 
made their first non-rewarded runs and the next succeeding* runs, 
there was evidently a decided memorial effect of the previous 
foodless run twenty-four hours before, as was evidenced by the 
searching of blind alleys normally avoided; and hence the 
increase in number of errors. 


TABLE 2 
Mean- Errors 



Mean rise 
in errors 

Difference 
between the 
two rises 

a■ difference 

Critical 

ratio 

HR Days 14-15. 

.4166 





.8761 

.3931 

2.23 

HR-NR Days 11-12. 

1.2927 






In the time curve of the HR-NR Group the average upward 
jumps on the twelfth, thirteenth, fourteenth, and fifteenth days 
were equal (using whole numbers) to 37 seconds, 13 seconds, 18 
seconds, and 4 seconds, respectively. During the reward period 
of this group there were also average rises on the tenth and 
eleventh days equal to 6.6 and 6.0 seconds, respectively. To show 
that the upward jump on the twelfth day was larger than can 
be accounted for by chance factors, it is necessary to compare 
this jump with the largest, i.e., the 6.6-second jump, in the reward 
period, or with the largest rise in the curve of the control HR 
Group. The largest rise in the HR curve, however, is less than 
the largest jump in the reward period of the HR-NR Group, and 
we have therefore taken for comparison the 6.6-second rise of the 
HR-NR Group, reward period. The results of the comparison 
are given in table 3. 





1930] Tolman-Honcik: Maze Performance in Bats 


265 


The critical ratio of 2.84 indicates that the difference obtained 
Would occur by chance about .26 t imes in 100. We are therefore 
safe in concluding- that the rise in time on the twelfth day was 
clue to the removal of food and not; to chance factors. 

Hungry Non-reicard-Heward (II NR-R) Group .— Figure 4 
si lows the error curves of the 11 NR-It Group as compared with 
tlie same two control groups used with the ILR-NR Group. It 
Will Ik 4 noted first that, during the non-reward period of the 
I1NR-R Group, there is a downward trend of the curve similar 
to that of the I INK Group. Secondly, on the twelfth day there 
is a large drop. Anti thirdly, tins drop, plus the one on the 
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thirteenth day, brings tin* curve considerably below that of the 
II It (1 roup at the same stage of the training. This drop in the 
11 NR-R curve below the 11R, curve raises an interesting question. 

The nomreward period of the HNR-R Group was undoubt¬ 
edly a period of latent learning. Does the drop of the 11 NR-R 
curve below the HR curve, when reward is introduced, mean 
that this latent learning was more effective than the overt learn¬ 
ing of the HR Group during the same period of time'! To get; 
some statistical information on the reliability of the difference 
between the two curves from the twelfth. day on, tin 4 error scores 
for the two groups ( HR and IINR R) wen 4 taken and the critical 
ratio between the two computed. It was found to amount to 
12.205. It wotdd therefore appear that the 4 difference was a 
statistically significant one. We arc not ready, however, to state 
with any certainty that this was dm 4 to the greater efficiency of; 
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the latent learning*. Other factors may have influenced the 
situation. It may have been that the rats of the UN1MJ Group 
were brighter as regards maze learning than the 1 1 It Group. But 
the possibility that it was due to the greater efficiency of latent 
learning remains. 

We turn next to a comparison of the drop in the HXR R 
error curve on the twelfth day with the largest drop either in 
the non-reward period in the IINR-R curve or in the HXR 
curve. The largest drop happens to be on the second day of the 
HNR Group. Table 4 gives the results of this comparison. 


TABLE 4 

Mkan Errors 



I bfforoaoo | 

Moan drop twtwmm the er different*** * CrtOm! 
in orrorn twodrujjwt f ran** 

HNR-Days 1-2.. 

i 

LI 

L0 ,4U\ 2 40 

2.1 ! 


HNRrR-Days 11-12. 



A difference between the two drops in the error curves as 
large as that found here would occur by chance about .s times 
in 100. We may conclude that the drop in error scores was due 
to the introduction of reward. 

Turning now to the time curve of the IINR-R Uroup t%» 5), 
we note again the large drop in time on the, twelfth day. During 
the non-reward period the IINR-R curve was approximately on 
the same level with the HNR Group. But the drop in time on 
the introduction of reward did not bring the curve significantly 
below the HR curve, as was the case with the error curve of the 
HNR-R Group. 

Table 5 gives the comparisons between the twelfth day drop 
of the ITNR-R curve and the drop on the second day of the HXR 
curve, which happens to be larger than any other drop In the 
HNR-R curve during the non-reward period. 
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The critical ratio of 2.88 warrants the statement that the 
twelfth-day drop in the IINR-R curve was undoubtedly due to 
the introduction of reward. 


TABLIO 5 
Mean Time Scores 
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RESULTS FOR INIMVinUAL HLIXOS 

The second question set for the present experiment was in 
regard to the effects in individual blinds. Stated in either words, 
the question is, does the introdue.t ion or remmai of reward 
change the difficulty of some blinds more than of hers? 

Hungry Reward-No n-mmrd Group. Figure fi is a bar dia¬ 
gram representing the relative difficulty of tin* fourteen blinds of 
the maze. The height of each bar in base*i on the per eent of 
total errors made in the blind represented by the bar. The Minds 
(solid bars) are arranged in increasing order of diflietdfy from 
left to right as this order was determined during the mmol 
period. It will be noted that the last five blinds to the right of 
the figure are the most difficult. These five blinds point either 
down or to the right, that is, in tin* general direction of feed 
(see fig. la ). These same five blinds were found to be the most 
difficult in the previous study; and if was there eonefttded that, 
of the factors determining the order of difficulty of blinds, the 
direction in which the blind points is one of the inure influential, 

Besides the solid bars, cross-hatched ones are given. These 
show the relative difficulty of blinds during tin* non mmol 
period and indicate the changes in difficulty produced h> the 
change from reward to non-reward. Three points are to be 
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noted: First, blind 1 appears to have increased in difficulty more 
than any other. Secondly, all the food-pointing' blinds, i.e., the 
last five blinds in the figure, except blind 11, decreased in diffi¬ 
culty. Thirdly, all the non-food-pointing blinds, except blinds 
9 and 13, increased in difficulty. 

These three points are subject to interpretations which unfor¬ 
tunately must be largely anthropomorphic. Our general experi¬ 
ence with maze learning by rats has convinced us that the first 
blind in the maze is always quite difficult; it is always above the 
average in difficulty. Observation of the rat’s behavior in the 
maze indicates that the difficulty of the first blind, i.e., the large 



Fig. 6. Showing relative difficulty of blinds in reward and 
non-reward periods. 

number of entrances into this blind, is due largely to the nervous 
behavior of the rat when he first enters the maze—a behavior 
often present even in the later stages of learning and character¬ 
ized by slow or rapid exploration of the first unit as if the rat 
were seeking his bearings. Even rats that run through the 
remainder of the maze with great speed and few errors very 
often make this preliminary exploration. It would seem prob¬ 
able, therefore, that the large increase in difficulty of blind 1 on 
the removal of reward may have been due merely to an increased 
cautiousness and hence to a greater exploration of the first unit. 
The non-rewarded run on the previous day would appear to make 
the rat more anxious to get started correctly. 

The second fact, that the blinds that were difficult during the 
reward period become less difficult on the removal of reward, 
again, must be interpreted somewhat anthropomorphically. These 
blinds no longer point toward food since the food has been 















270 University of California Publications in Psijeholntjtj I V «U 


removed. There is no longer the <I rive toward a goal which was 
in a definite position. There is on the contrary a tendency to 
seek in other directions. 

Finally, the third fact of the increase in difficulty of the 
blinds which were previously nondood-pointing would he a 
corollary of the above second fact. The rats now begin hunting 
in these other blinds. Such a positive hunting was also dis¬ 
covered by Bruce. <2) 



14 10 t 

Fig. 7. Showing relative difficulty of blind* in reward and 
non-re ward p«*ri< >d,s. 

Hungry Non-reward-Reward (>roup.- figure 7 indicates 
graphically the relative difficulty of I he blinds <1 tiring l he non- 
reward and reward periods of the UNR-R group. Hen* the 
blinds (solid bars) are arranged in ascending order of difficulty 
as this was determined during the period of >wu n wunl. It will 
be noted that with no reward the blinds have approximately the 
same order as was obtained during tin* n mini p,ri<»l of the 
HR-NR Group. The food-pointing--in this ease the exit- 
pointing—blinds are again the most difficult ones, except, for 
blinds 1 and 5 which have become more difficult ami aiv in this 
respect like the food-pointing group. Aside from this exception, 
i appears that blinds may be divided into two classes, as regards 
difficulty, on the basis of the direction in whieh they point. Hut, 
since m the non-reward period the Win,la do not point to food, we 
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must postulate an exit-seeking as well as a food seeking drive in 
maze learning, as was also doin' in the previous study. 

Two other points are to lie noted. First, there was no increase 
of entranees into food pointing blinds when reward was intro¬ 
duced, except for blind II, which shows an enormous increase. 
Secondly, all the non-food pointing blinds, except 1 and 12, show 
decrease in ditliculty, i.e„ in number of entranees. In the ease 
of blinds 10 and Id this decrease is particularly striking. 

The great increase of entranees into blind 2 on the introduc- 
tion of reward may reasonably be accounted for by the increased 
drive in the direction of the exit which now provides not. only 
escape from the maze but food liestdes. Hut why was there no 
similar increase in the other food-pointing blinds? The present, 
data do not furnish any clear answer. 

The large decreases in ditliculty of non food pointing blinds 
may be accounted for by the same assumption mentioned above, 
namely, that introduction of reward increases the strength of the 
drive toward food so that there is less tendency to enter blinds 
pointing away from food. 

Tabic (t shows the <‘kitn>/is in percentages of total errors made 
in the two classes of blinds when a change is made from reward 
to non-reward, and from mm reward to reward. Thus, for the 
IIR-NR group, the five food pointing blinds had til percent of 
the errors during the reward period, while during the non¬ 
reward period the per emit was 1*1. For the HNIMl tlroup, the 
errors in the five food pointing blinds were .’»« per cent during 
the non-reward period, and rose during the reward period to 
7s> per cent. 
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RELIABILITY COEFFICIENTS OF THE MAZE FOR 
REWARD AND NON-REWARD PERIODS 

To get some it lea of llie reliability of the maze under reward 
and non-reward conditions, we have computed the reliability 
coefficients based on odd-day versus even-day scores for both 
error and time scores. These are given in table 7. 


TABLE 7 

ItKUAinuTY (WmeiKNTs Basko on Kvkn-Day versus Odd-Day Scorbh 

in Krrorw and Time 


Group 

IIU-NR (Reward period)....... 

IIR-NR (Non-nnvnnl period) 
11N R-R (Non-rowanl ppriml) 
"IIN R-R (Howard period).’ 


Reliability 

cooditutMitrt for 
or ror NooreM 

.902 d.: .008 
.927 ,b .018 
. 891 d, .021 
. 950 "h .009 


Reliability 
oouHtc.iontM for 
time .st’ort'H 

.!Ktr> ± .007 
.870 ± .024 
. 954 ± .011 
.908 ± .010 


It will be noticed that, the reliability coefficients both for error 
.scores and time scores are, with one exception, higher for the 
reward period than for the non-reward period. The differences 
between r’s in two eases, namely, between Ihe r’s of the NR and 
R periods of the IINR-R Croup for error scores, and between the 
r’s ol the Rand N'R periods of IIR-NR Croup for time scores, 
ure large enough to lie significant. It may Ik* concluded that 
under reward conditions the maze is a. more reliable instrument, 
for the measuring of learning ability Ilian under non-reward 
conditions. Rut it must be pointed out. that in the previous study 
n hungry rewarded group of rats had a reliability coefficient for 
errors slightly lower than that of a hungry lion-rewarded group. 
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SUMMARY 


1. Rats run with food reward at the end of the maze .showed, 
when reward was removed, large increases in both time scores 
and error scores, which could not be accounted for by eha net- 
factors alone. 


2. Rats run without reward, when reward was introduced, 
showed large decreases in both time scores and error scores, which 
also could not be accounted for by chance factors a lorn-. 

3. The drop in the error curve for the group of rats that wen- 
rewarded on the eleventh day brought the curve significantly 
below the curve of a control group of rats that had been.rewarded 
from the first. This suggests that latent, learning may be more 
effective than overt learning'. 

4. Removal of reward after a period of reward eham-vd tin- 
relative difficulty of blinds. 




w UUUrUH* 

(b) Non-food-pointing blinds became relatively more diffi¬ 
cult than they were during the reward period. 

(c) Food-pointing blinds became relatively less difficult, 
than they were during the reward period. 

,° f WWard iJ * er a I,eri0<1 »' lik.- 

wise changed the relative difficulty of blinds. 

(a) Non-food-pointing blinds became relatively less dim. 

cult during the reward period. 

when rew^" P ° lntmff WmdS chan £ ed vel T little- in difficulty 

mmberTLL™ “ tr ° da “ d ' B « °»« food-,,,,!,,,!,,,. I.lh.a, 

umber 3, increased very greatly in difficulty. 

8eori^^ 8 t ^ n ^ ei ?^. bMed ° n even ‘ da y versus odd-day 

instrument under reward ieat ®. that the mai!e i« «■ more reliable 

reward condRion Z r r ^ But cwn non- 

high. the rell ^hty coefficients were surprisingly 
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THE HOLE OF KINESTHESIS IN MAZE 
. LEARNING 1 


BY 

D. A. MAGFAELAJSTE 


The vogue of the concept of kinesthesis as the explanatory 
factor in maze learning, it is probably safe to say, dates from 
the experiments of Watson, and of Carr and Watson, in 1907 
and 1908. These workers offered the thesis that, when a rat 
learns a maze all he does is to condition his responses to the pre¬ 
cise proprioceptive cues afforded by the running itself. This 
point of view, thus growing out of direct experimentation, has 
now become firmly entrenched in all discussions of the problem. 
And its position has been strengthened by more general lines of 
theoretical reasoning. For the philosophy of the neurologizing 
psychologist has led, upon development, to explanatory princi¬ 
ples which also employ reflex-like concepts such as are implied 
in this doctrine of kinesthesis. Moreover, but slightly at variance 
with these are the teachings of Thorndike and his followers, 
with their implied specificity of the S-R bond. 

It seems, however, to an unbiased observer, that to consider 
the vast majority of the acts which constitute ordinary behavior, 
as resulting from the precise linkage of receptor and effector 
by means of more or less fixed nerve paths, is to distort the facts 
beyond recognition. For the most part such criticisms of the 
notion of specific linkages have come from outside the immediate 
field of animal behavior, but in the last few years insurgent 
voices have been raised from within the animal laboratory itself. 

i This paper is an abridgment of a thesis submitted to the Department 
of Psychology, University of California, in partial fulfillment of the require¬ 
ments for the degree of Doctor of Philosophy, and deposited in the Library 
of the University of California, May, 1927. The writer wishes to express 
his indebtedness to Professor Warner Brown and Professor Edward C. 
Tolman for criticism and suggestions. 
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This paper will attempt to show that, although it is probable 
that kinesthesis, as the term is usually employed, determines to 
some extent how a rat will travel through a maze, it does not 
determine where he will go. 


HISTORICAL HACK(1 litH r N 1) 


The experiments of Watson 01 ” and of Carr and Watson' 4 ’ are 
familiar to all. In the first series of experiments the animals 
were operated upon to eliminate, in sueeession, tin* vihrissae, 
the hearing, the sight, and the tactual sensations through the 
feet. None of these operations disturbed the learning process 
to any appreciable extent. In the second series of experiments, 
normal animals that had already learned the maze were intro 
duced into it at various points along the true path. The imme 
diate exploration required by most of the animals for orientation 
under these circumstances, was interpreted by the workers as 
movements necessary to provide the kinesthetic stimulations that 
would release the automatic movements, 2 which had been 
acquired. Next came the sectioned maze of Carr and Watson in 
which it was possible to lengthen or shorten certain alleys with 
out altering the relations of turns to alleys. The resulting pro 
nounced disturbances in the running were attributed by the 
experimenters to interference with the previously developed 
kinesthesis. 

In a few studies the results argue against the doctrine of 
kinesthesis. Hunter< 0) < 7 > taught rats to make simple alternn 
tions m a T-shaped discrimination box, that: is, he taught them 
to make successive choices in accordance with the formula lrich-. 
No rat, even after a prolonged practice period, was able to follow 
the plan Urrllrrllrr, that is double alternations. Hunter then 
arranged his “temporal maze” (i.e., the T-box modified so 


the animals wiSw*’"! lat: " r ’ nec-ounfod t«r tlu- failure ,.f 

must of necessity e-et- int-wi 011 ^* themselves hv assuming, u.it that iti.-i 
had to seek som^eue wherehy°tn " f ‘‘migs, lf Ut that tli.g 
eral spatial relationships of the toSmltiom W “‘ l * ! ‘ 
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that the animal is ted only after a whole series of successive 
choices, instead of after each choice) in order to determine 
whether the animals practiced on a'Conventional, spatial maze 
where the order of turns was llnilrr , and so on, could carry the 
plan over to successive runs on this temporal maze. No rat was 
able to make this transfer. With still another group, the prob¬ 
lem was to learn simple alternation in the temporal maze. Only 
one animal learned tin* lesson. Kinesthesis for this animal was 
then varied by placing; baffles through the alleys; the animal was 
disturbed by this device for one run, but thereafter ran nor¬ 
mally. Hunter remarks, 44 A given kinesthelic complex may mean 
either ot several responses but it cannot, mean now one and now 
another without tin* addition of some selective element. , . . 
Higginson*"' forced the rats to run into a eul and out again 
before running the rest, of the maze. This was done by closing 
the entranee to the maze, loeated beside tlit' entrance to the cul, 
while the rats were entering the eul, and opening it when they 
returned, hater, when the door to the maze was left open from 
the beginning of the* run, the rats entered the maze without; first 
traversing the eul, Higginson is correct in saying that this 
behavior 44 is wholly inexplicable in the usual categories of 
4 kinest bet ie pat terns * and 4 frequency and recency’ of perform¬ 
ance,” and it is in fact tin* expected behavior when a rat is 
confronted with an open door that had not been a part of the 
familiar sit nation. 

A few fragmentary bits may be gleaned from the data of 
experiments not concerned primarily with the problem at hand. 
In one of hash ley \s studies on cerebral function in learning* 81 is 
the account of the behavior of one of his animals which, owing 
to the fortuitous results of an operation, displayed the forced 
movements commonly associated with labyrinthine lesions, in 
that it was unable to turn to the left. When retested on the dis¬ 
crimination box following the operation, the animal compensated 
by rotating 270 degrees to the right whenever the task demanded 
a turn of 00 degrees to the left. In another study hashley and 
McCarthy* 1 ** investigated the survival of the maze habit after 
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cerebellar injuries. Many of the animals showed perfect rotete 
tion records in spite of the fact that, owing to the operation, 
their methods of locomotion were much interfered with. Thus 
one of them “walked as if drawing’ a heavy weight, with fore 
and hind legs extended forward and dragging her along in a 
series of lunges,” yet still showed a perlVet series of choices. 


STATEMENT OF THE PROBLEM 


In the experiment of Watson and Chirr, the implication B 
evident that the only variable introduced was tin* change in the 
proprioceptive pattern. One could maintain, however, with 
some justification, that, so far as the total problem was con¬ 
cerned, it was an entirely new one; the maze was no longer tin* 
same maze. The same criticism holds for the Higginson expert 
ment. Before conclusions regarding kinesthesia can he drawn, 
an experimental device should he employed, in which the yrm rat 
geography as well as other gross sensory features are kept eon 
stant, and in which kinesthesia only is changed. The attempt to 
do this led to the present study. 

In the following experiments the rats wen* taught to run 
through a maze in something like the ordinary fashion and then, 
at various points in the learning process, were required to swim 
through the same maze; or, reversing the situation, animals that 


had learned to swim the maze were later required to run through 
it. The assumption is made, that the kinesthetic stimuli reeei\ed 
in swimming from here to then*, are materially different from 
those received in running the .same distance. The number of 
locomotive movements of the extremities required in the one 
case was approximately six times the number required in tie* 
other. The body of a swimming rat is extended, while that of 
the walking animal is, so to speak, gathered together; the mU s 
cles called upon to counteract the effects of gravity face new 
tasks. If ldnesthesis, in any -precise sense of the word, is the 
essential factor in maze learning, then* should he mi transfer 
from one of these situations to the other. 
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THE MAZE 

The plan of the maze (see fig. 1) is in a sense a series of con¬ 
densed T-mazes, each choice point presenting the true path and a 
cul. For convenience the animals were led back to a point near 
the starting box. The maze was constructed of redwood boards 
1 inch by 12 inches, covered with No. 22 sheet tin so as to offer 
an unscalable surface. The tin also reflected an image of the 



animals, so that they could be observed while themselves undis¬ 
turbed by sight of the observer. Each cul and each unit of the 
true path measured fifteen inches in length. 

Considerable care had to be used in the choice of width of 
alleys. The four-inch alleys first used had to be changed to six- 
inch alleys since the animals learned to “straddle,” that is, to 
support themselves by thrusting the rear legs against the sides, 
and thus interrupted the smooth and continuous locomotion 
which it was desired to establish. But in the six-inch alleys the 
animals became stereotropic and followed the shore line, so that 
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the alley into which, they turned was determined not so much 
by legitimate choice, as by the geography of the maw. Five- 
inch paths proved satisfactory. 

The water tank into which the maze was placet! was con¬ 
structed of boards, covered with canvas, and painted to make it, 
water-tight; dimensions 8 feet by 6 feet by 1 foot. When the 
rats were required to swim through the maze, the tank was filled 
to a level of eight inches. When walking was required, a false 
floor was placed in the maze alleys seven inches above t he bottom 
of the tank. With the water at the same depth of eight inches, 
the false floor was covered with an inch of water. The visual 
and dimensional factors of the maze were, consequently, (he same 
in the two situations. 

At the point in alley 9 marked x in figure 1, a door was 
placed to prevent the animal’s retracing of the first part of the 
maze after having passed the door. 3 This was essential since, 
otherwise, during the early runs the rats encountered so much 
difficulty in finding the food box, that they suffered from fatigue 
and from over-exposure to the cool water. 

The reliability coefficients for the maze are given below. Two 
methods of calculating the coefficients were used: first, correla¬ 
tion of the odd-numbered runs against the even-numbered ones, 
and, second, correlation of the sum of the runs on the first, half 
of the curve against the sum of the runs on the last half. In 
both cases the data for the first trial were not included. For 
groups I and II the figures from the first twelve runs were used ; 
with groups Y and VI, the curve was cut off at trial 17, since 
beyond this point a large number of zero scores occurred, 4 


Beliability Coefficients 

Gr ° up Odd vs. even Half vh. half 

1 .470 (swimming) . . ,204 

^ .445 (running) ......... 

^ .727 (swimming) ................. AW 

^ .522 (running) .... .375 

dimmed Sors LT ,^7“ ^ th ° rel i abiUt ^ of a «««* in in no way 
4 m, , Use< ^ 1X1 this way after every choice point. 

groups the \onditi?n?^+ S 111 - and could not ^ usetl »***<•<* for these 
trials. f traversing the maze were altered after only four 
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THE EXPERIMENTAL ANIMALS 

The animals used were albino rats. Males and females were 
taken indiscriminately except that they were about equally rep¬ 
resented in each group. All rats were between sixty and sixty- 
five days of age at the beginning of each experiment. Each of 
the six groups consisted of approximately twenty animals. This 
number was sometimes reduced to nineteen and in one case to 
eighteen when one or more of them proved too weak to withstand 
the rigors of the first few runs. 


TECHNIQUE 

In each of the experiments the animals were given but one 
trial a day for the first two days of the training series. Longer 
exposure would have been inadvisable for those animals that 
began their training by swimming the maze. Thereafter all 
were given three trials per day, spaced by the time taken to run 
each of their eighteen or nineteen fellows. 

During the first five trials, that is, the trials on the first, 
second, and third days, the temperature of the water was kept 
at approximately 74° F. Thereafter it was maintained at 
about 65° F. 

For the animals that began their training by running the 
maze, arrangements were made as follows. In order that they 
might have some experience in deep water, no false floor was 
placed in alleys 1, 2, 3, and 4. In alley 5 an incline was so placed 
that, by the time the rat reached point Y (fig. 1), he was wading 
in but one inch of water and so continued to the food box. 

The same arrangement was used for those animals that were 
required to run the maze after a practice period of swimming; 
since the animal was thus given an opportunity to get into its 
kinesthetic stride, interference would, presumably, be more pro¬ 
nounced when the change was introduced. 
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The animals were permitted to eat for a, few seconds after 
reaching the dry landing box. In order to insure an approxi¬ 
mately constant hunger drive, all animals wen* permitted to eat 
exactly twelve minutes a day aside from a few nibbles enjoyed 
at the end of each run. The water, particularly for the swim¬ 
ming animals, never ceased to be a source of persistent drive, 
although after the first few baths it caused no noticeable emo¬ 
tional disturbance. 

Scoring points were arbitrarily determined as follows: tin* 
animal was considered to have entered either a eul or a section 
of the true path, if his progress took him into either to the extent 
of one body length exclusive of the tail. Only entrances into 
culs made while moving toward the goal were scored as errors; 
retracings were not so scored. 


EXPERIMENTAL PROCEDURE AND DATA 
Groups I and II 

In accordance with the plan to test the amount of transfer 
from one kinesthetic situation to another at various points in the 
learning process, groups I and IT wen* changed from swimming 
t° running and from running to swimming, respectively, just at 
that point where the learning curve began to flatten out, 

GROUP i— 

Group I (nineteen animals) was given twelve trials In swim» 
ming through the maze. Then the floors were put in place and 
two test trials were given. The last trial of the training series, 
trial 12, was given on the same day as the two test trials, in order 
that the swimming “set” might be at maximum. 
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Comparison" op Errors on* Trials 12 and 13* 
(St'o Chart 1) 


Mean errors on trial 12, swimming,......, 


........... 1.26 

0 

.85 

Mean errors on trial 13, running.. 


........... 1.84 

0 * 

1.22 

Difference .................... 


........... -.58 

0 * 

1.23 

Piff. /<r diff.. 


— 48 



Odds favoring a real diffVroncof, 


.C8 to 32 



Pom v ARtsoN op Times op 

Trials 12 and 13 



(Kee Chart 

2) 




Mean time on trial 12, swimming., 


....... 26.42 

a 

7.64 

Mean time on trial 13, running,.,. 


....... 76.57 

<r 

32.52 

Difforenw. 


,..,...“-56,15 

0 T 

30.32 

Diff. A our. . 


....... 1.65 



Odds favoring a. difference. ..... 


... 05 to 5 




Those figures show that the slight rise in. the number of errors 
In trial lil over the number in trial 12, is of relatively little sig¬ 
nificance. Reference to the error curve will show that such dif¬ 
ference as there is disappears on the fourteenth trial. 

With regard to the time scores, however, a fairly reliable 
increase is obtained/' A reason for this rise suggests itself, and 
obtains in all eases in which the animals were practiced on swim¬ 
ming and tested oil running. When the animal begins the test 

* The formulae used in the computations are as follows: 

V v»a 

■ - mean 2 

n 

r ^ —— - M*My 

n 

ox <ry 

<rdifT. « -1*7777 

See Kelley, T. b., tSfatistimt Method, 182. 

fThin "odds favoring a mil difference” in mmply a translation of thocritical ratio (diff ,/cr diff.) 
I xito terms of hotting odds, Thus, on a basin of tho nuppoaititioiiH normal frequency surface, if 
U»o mono experiment with the mime number of animaia Imd boon repeated lOOtimon, a difference 
largo on, or larger than, tho ouo obtuinod and of tho name sign would, according to puro chance, 
l&ttvo occurred only 32 bums out, of t ho UK), Tho oddri in favor of tho found difference indicating a 
3t<s*d difference of tho given sign aw, therefore, but 08 to 32. 

n A comparison of the actual speeds of .swimming and running through¬ 
out learning as shown on chart 13 indicates that the animat can swim tho 
ikuisr.o very nearfv as rapidly as he ran run it. 
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run and finds himself, at the end of alley 5, with a floor to stand 
on, he stands on it. This gives him an opportunity to inspect 
the features of the new situation, an opportunity of which all the 
animals availed themselves. They halted, sniffed, stood upright, 
tested the strength of the wire mesh above them and then —trav¬ 
eled down the correct alley. The entire run, for the most part, 
was made in this hesitant manner. This emphasizes the fact that, 
although a pronounced interference was produced as reflected in 
the change in time scores, it did not show itself to any appre¬ 
ciable extent in the number of errors made. 

GROUP II— 

With group II (19 animals) the situation that obtained in 
the case of group I was reversed. The rats were given twelve 
running trials; then the floors were removed and two test trials 
given. 

Comparison of Errors on 1 Trials 12 ani> 13 
(See Chart 3) 


Mean errors on trial 12, running. 1.15 <r .86 

Mean errors on trial 13, swimming. 1.42 <r 1.04 

Difference.27 <r 1.18 

Diff. /c diff.23 

Odds favoring a real difference.59 to 41 


Comparison of Times of Trials 12 and 13 
(See Chart 4) 

Mean time on trial 12, running. 21.47 <r 12.16 

Mean time on trial 13, swimming. 23.31 <r 6.28 

Difference. 1.84 <r 11.97 

Diff. /<r diff.15 

Odds favoring a real difference.56 to 44 

No significant, difference is here found in either time or 
errors between trials 12 and 13. The animals, upon reaching 
the end of alley 5, found no floor to run upon, and had nothing 
else to do but carry on,* consequently the times as well as the 
errors, failed to show a significant increase. 
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Groups III and IV 

It is probable that animals, in learning' a maze, come first 
to condition their behavior to cues which, later, are discarded 
in favor of more potent ones. ’ Although it seems unlikely that 
the stimuli used early in the process are kinesthetic, inasmuch 
as learning takes place to some extent before the locomotive 
patterns have become at all fixed, nevertheless, the following data 
permit a more definite answer to the question. 

In groups III and IV the change from swimming to running 
and vice versa was introduced at a point about halfway down 
the steep part of the learning curve, between trials 4 and 5. If 
it can be shown, then, that the curves continue to drop in a 
manner comparable with that of a normal or control curve, it will 
appear probable that no integrations formed during the first four 
trials are wasted with reference to the new task. 

G-BOUP ni— 

The twenty animals used in group III swam through the 
maze during trials 1, 2, 3,4; from trials 5 to 12 inclusive, they 
ran. The animals of group V which swam the maze during the 
first twelve trials were used as a control group. If mere visual 
inspection of the error curves (see charts 5 and 9) for the two 
groups should not be deemed sufficient for purposes of compari¬ 
son, reference can be made to the differences between various 
points and combinations of points along the two curves which are 
given in table 1. 

From the above data and from inspection of the error curves, 
it is evident that the perf ormance of group III may, to all intents 
and purposes, be adequately represented by the data and curve 
from the performance of group V. 

GBOUP IY— 

The conditions imposed upon group III were reversed with 
group IV: the nineteen animals in this group ran for the first 
four trials and swam for the remaining eight. In spite of the 
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Chart 5 



// a 
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chattffo tin' mode “f traversing the maze, the error curve is 
as smooth as could he expected (see chart 7) under normal 
conditions. 

TABU! 1 

Comparison Bktwkkn (Ikoci* III ani> Controi, it roup V. Oompaiuson or 

TUB DimittKNVRK BKTWKKN VARIOUS 1*01 NTS ON 
tub Two Hrkor (,'uuvks 


Group 

Compnml 

points 

Dtfftwnot* 

Diff./o’diff, 

Odds favoring 
diff. 

III 

3 mid 4 

2 .45 9 

5,65 

,43 

67 to 33 

v 

.1 and 4 

2. lit it 

4,85 

.45 

67 to 33 

m 

4 and 5* 

.SO a 

10.11 

.08 

53 to 47 

v 

4 and a 

1 .22 <r 

2,71 

.45 

67 to 33 

MI 

a and 0 

,75 tr 

2,37 

.32 

63 to 37 

V 

a ami 0 


Ltn 

29 

61 to 39 

MI 

3-M and 5 f6 

4,95 9 

8,43 

. 58 

72 to 28 

V 

a | 4 ami a \ 6 

. 5.6 9 

6,22 

.85 

79 to 21 

Ml 

S and 6 

\ 4.15 9 

5,79 

,72 

76 to 24 

V 

j 3 ami 0 

[ 

: a 114 a 

5,36 

,74 

77 to 23 

MI 

; 2 ami 7 

: 11 10 9 

6,25 

1,78 

97 to 3 

V 

: 2 and 7 

9 73 tr 

5. 25 

1.86 

97 to 3 


# I ftw Urn from awimmiius U> rumdtig arnirml. 


As will be soon later, when ^mup VI is discussed, the animals 
In that [froup ran the mazf Ihn»it<rhon< thu trials during which 
1 lui.se in **nmp IV first ran and than swam, (Jroup VI may, 
then, be used as a emit rol for «froup IV, 

Table 2 presents tha same sort of comparison between. groups 
I V and VI that, tab la l presents hat ween groups 111 and V. 

The similarity between tho parrormana(‘s of ^roup IV and 
?JCn»up VI, though not so striking as that between (he perform- 
n nees of yroups Hi ami V, still surest s that the record obtained 
Tnr ornup IV would not have differed significantly had the 
<*ltan^o not been imposed. 





Average Time in Seconds 
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Trials / 


2 •& + 4- C j a $ 

Chart 8 


tt m 
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TABLE 2 

Comparison Between Group IV and Control Group VI. Comparison of 
Differences Between Various Points on 
the Two Error Curves 


Group 

Compared 

points 

Differences 

Diff./cr diff. 

Odds favoring 
difif. 

IV 

3 and 4 

1.38 <r 3.35 

.41 

66 to 33 

VI 

3 and 4 

2.0 <r 2.37 

.84 

80 to 20 

IV 

4 and 5* 

1.00 <r 1.70 

.59 

72 to 28 

VI 

4 and 5 

.65 <r 1.72 

.38 

65 to 35 

IV 

5 and 6 

.53 <r 1.46 

.36 

64 to 36 

VI 

5 and 6 

.85 <r 1.04 

.82 

79 to 21 

IV 

3+4 and 5+6 

4.21 <r 4.50 

.93 

82 to 18 

VI 

3+4 and 5+6 

4.15 <r 3.24 

1.28 

90 to 10 

IV 

3 and 6 

2.90 <r 2.99 

.97 

83 to 17 

VI 

3 and 6 

3.55 <r 2.32 

1.53 

94 to 6 

IV 

2 and 7 

6.21 <r 3.79 

1.64 

95 to 5 

VI 

2 and 7 

7.0 <r 3.02 

2.31 

99 to 1 


*Where the change from running to swimming occurred. 


Groups Y and VI 

It seems certain from the results presented thus far that 
during the early stages of learning the rat depends primarily on 
exteroceptive sense data. Does he continue to respond to these 
same exteroceptive cues when the performance has become rela¬ 
tively automatic or does he shift to kinesthetic cues ? And if a 
change is now made from swimming to running or vice versa, 
will there be more of an upset? Is it possible that, although 
kinesthesis is not essentially involved in the early part of learn¬ 
ing, i.e., in determining what is done, nevertheless it is involved 
in the later part of learning, i.e., in determining how it shall be 
done? 
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The rats in groups V and VI were made to overlearn the mate 
before the change was introduced. 

GROUP V— 

Group V reached on the seventeenth run what proved to he. 
in terms of errors, the plateau point. Practice was continued 
for approximately twice this period-—out to the thirty-third run/' 
In terms of the time scores, practice was continued to about 
three times the amount required barely to learn the maze. 

The eighteen animals used in this group swam during the 
first thirty-three trials and ran four test trials. 

Comparison- or Errors of Trials 33 and Si 

(See Chart 9) 


Mean errors on trial 33, swimming........ 

o 

«r 

A 

Mean errors on trial 34, running................... 

...... .ion 

& 

jyua 

Difference...... 

. 1.85 

a 

uu 

Diff./<r diff.............................. 

Odds favoring a difference.... 

....... ...... .05 

..S3 to 17 


w 


This increase of 1.85 errors on the first test trial may be viewed 
in a number of ways, particularly if the entire learning curve for 
group V is scrutinized. The fact that, on test trials 2, and b 
the curve falls back to a level, nearly as low as the plateau level, 
suggests that the upset produced by the change is of an entn 
tional nature, rather than indicative of a lack of knowledge of 
the maze as a whole. In, the second place, the animals were 
unevenly affected by the change; one of t he animals made 
errors both on trials 33 and 34, five increased their errors by 
but one, while still others made four, or even five error s tut 
trial 34. 

The point to which the error curve falls on the second, third, 
and fourth test trials is approximately that attained <*n the 
fourteenth training trial, and it seems probable that this repre¬ 
sents the point at which all but t Ik* most refined adjustments 
involved in the learning, have been acquired. 

The time scores on the test trials rose about an equal amount. 

6 Trial 33, the last one of the Induing series, was the first (rial uf fh,. 
day upon which the tests were given. Ail four of the test trial* were imm 
on the same clay. * ' 
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COMPARISON* OF TIMES OF TRIALS 33 AND 34 
(Bee Chart 10) 


Mean time on trial 33, swimming........... 

Mean time on trial 34, running................. 

T)i -fTp/arpn..... 

............. 18.3# <r 

............. 51.73 0- 

............. 33.34 <r 

7.tSS 

23.7t» 

1!2„7« 

Diff. /<r diff. 

Odds favoring a difference........................ 

............. 1.46 

...........93 to 7 



GBOUP VI— 

The conditions which obtained in the ease of group V were 
reversed with group YL The twenty animals in the group run 
the maze for thirty-three* trials and swam for four test trials* An 
inspection of the error and time curves will si tow that the amount 
of overlearning is practically the same as for group V. 

„ Comparison of Errors on Trials 38 and 84 


(Boo, Chart 10 


Mean errors on trial 33, running 

, . .8 & 

.36 

Mean errors on trial 34, swimming 

, , . , urn <r 

t.o:t 

Difference..... ... 

,78 «r 

1.04 

Diff. /<r diff ...., . 

.72 


Odds favoring a difference . 

, , , 76 to 24 


The animals of group VI reflected 

in their emir record tie 


effect of the change less than did those of group V. The dis¬ 
turbance, represented by an inerease of .7.1 errors per rat, 
entirely disappeared on the third and fourth test trials, suggest-* 
ing again, that the upset was probably an emotional one. It U 
of interest-to note at this point that, if that part of tin* error 
curve which represents the test trials is moved over to the left, 
it fits without a break at about trial 14* If we consider that the 
trials after trial 14 bring about simply increased skill and 
habituation, it is clear that no essential knowledge of the inline as 
a whole has been lost as a result of the change in the eonditiom of 
running. From the records of the individual animals we find 
that, on the first test trial, nine of the twenty animals made m 
few or fewer errors than they made on the last trial before t!w 
change. 
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The increase of the time score of trial .'14 over trial 33 is prac¬ 
tically no thin g more than the increase of swimming time over 
running time (see Chart 13). 


Comparison op Times op Trials 33 and 34 
(See Chart 12) 


Mean, time on trial 33, running.11.85 or 

Mean time on trial 34, swimming.......................... 23.00 cr 

Difference. ..................................41.75 or 

Diff. /cr diff.... 1.22 

Odds favoring a difference................ .................80 to 11 


1,40 

10.24 

IUS2 


SUMMARY OF THIS DATA 

Group I. Swimming to Running, (•hanukd on Tiuai* V4 

In terms of errors the animals of Group I won* but slightly 
disturbed by the change to running; there was an average 
increase of half an error per rat, ami this difference had hnt 
slight statistical reliability. The time* scores for this group ro^* 
markedly, from an average of 20 seconds to one of 7b serum K 
per run. , 

Group II. Running to Swimming. Uuanuko on Triad lb 

The animals in group II were* less <listurbed than those lu 
group I. An unreliable increase* of ,27 errors per rat w;su 
obtained. Some account must he taken with this group, as with, 
all the groups where the change* was frenn running to swiminimi, 
of the increased drive furnished by the deep water. While if 
cannot be said with certainty that this pressure per se kept rim 
errors down, it is safe to say that it did keep the turn* semv, 
from rising. With group II no significant change occurred in 
the time scores. 
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Chart 11 
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Trials 


3 ^7 5 /f *3 JS /p J/ 23 as jp 2 } J/ 

Chart 13 


Groups III and IV. Changed on Trial 5 

The performance of groups III and IY, with which the 
change was introduced during the rapid drop of the learning 
curve, was practically indistinguishable from the performance 
of control groups, except that the time score for the group that 
shifted from swimming to running increased slightly. 
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Group V. Swimming to Running. Ohanukd on Trial M 

The rats in the fifth group, which had been to a considerable 
extent overtrained, showed on the first test trial a small, huf 
reliable disturbance. The animals made, on the average, two 
errors on this test trial, an increase of 1.85 errors per rat. 
This increase dropped on the following trial to .88 errors per rat. 
It is to be noted that most of the errors recorded for this trial 
were made by one animal. The time scores for these animaU 
rose on the first trial from 18.38 seconds to 51.72 seconds and 
then rapidly dropped again. 

Group VI. Running to Swimmino. (hiANtinn on Trial 3t 

The performance of group VI was similar to that of group 
V except that the increase in tho error seorcs at tin* time of 
change was less marked. An increase of three-fourths of :m 
error per rat was obtained on trial 34 over trial 33; on trial 3.* 
the errors had decreased again, and on trials 33 ami 37 the eitrw 
had dropped as low as the plateau level of the overlearning 
period. The increase in time scores was almost negligible. 


(mTLUSIONK 

If it were true, in accordance with the tradition of Watson 
and Carr, that animals arc pushed through the maze by a sue 
cession of precise kinesthetic stimuli, the eomplieathms oneotm 
tered in the present experiments would have rendered the learn¬ 
ing acquired during the earlier trials of little or no avail on the 
test runs. Yet, barring the effect of emotional disturbance, 
altering of the proprioceptive cues had little effect on the terror 
scores of the animals. The fact that the time scores roso signiti* 
cantly with the animals that were changed from swimming to 
running, only emphasizes this outcome. 
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It may be objected that, in the present experiments, one 
source of kinesthetic stimulation remained constant and unaf¬ 
fected by the changes from swimming- to running and vice versa. 
May it not be that t he animals, in learning the maze, learn, not 
to condition their behavior on the entire complex of muscular 
sensations, but to respond simply to a succession of head move¬ 
ments 1 The organic stimuli from such movements would, it is 
true, be generally the same whether the rat were swimming or 
running. And such movements can be observed, particularly 
-while, the animals are swimming: they do not travel straight 
down the middle of an alley but anticipate the corners by a 
diagonal approach. Such anticipatory movements, made before 
the choice point is reached, could not, however, furnish infor¬ 
mation regarding which of the two alternatives was the true 
path. But suppose they could. Hunter, using his temporal 
maze, was unable to show that the rats could learn a pattern of 
turns as such , divorced from concomitant spatial characteris¬ 
tics, even when the pattern was as simple as that indicated by 
the formula riilrrll. The criticism made above implies that the 
rats can learn a sequence of turns represented, in the case of 
our maze, by the formula rlrrirhil —which is improbable. This 
in turn suggests that the spatial characteristics of a maze 
may, after all, be the crucial ones. Concerning the channels 
through which the rat perceives these characteristics, we can at 
present only speculate, but this exciting field should be further 
investigated. 

The results of these experiments suggest that a distinction 
should be made between those elements of learning acquired by 
the animal whereby he is able to make proper adjustments to 
the maze as a thing to be got through—as a complete situation 
envisaged as a whole, and those other elements which tell him 
in just what manner the perceived end is to be accomplished. It 
is one thing to discover or, speaking more psychologically, to 
learn that, an objective we seek is on the opposite side of a 
river, and quite another to acquire the skill to swim to it. The 
archil cad: who knows how a house should be built, would prob 
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ably split his thumb nail if he invaded the province of the car¬ 
penter. Similarly, it would seem to be with the rat in the maze. 
Our animals were in no doubt as to the location of their dinner, 
although they were prevented from using’ their customary means 
of getting it. This analogy may be thrown out in view of file 
rapid recovery of adjustment after the enforced change of re¬ 
sponse, and the “skills” involved in maze running may be con¬ 
sidered as quite apart from other precise neuromuscular abilities, 
such as those employed in playing the piano or sawing a board. 
On the other hand, these “skills” may be thought of as having 
been acquired or possessed by the animal previous to the expert* 
ment, possibly as a part of his original equipment, and utilized 
later as the occasion demanded. 

These facts, however, we have : first, that the changes in kines- 
thesis brought about by the conditions of these experiments had 
but slight effect on the ability of the animals to traverse tin* maze 
without entrances into culs-de-sae, and, second, that sueh dis 
turbances as there were, rapidly disappeared. We may speculate 
concerning the part played by kinesthesia in determining lone 
the food box shall be reached, but we may safely deny it the 
power to tell the rat where he shall go to reach it. 
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DELAYED REACTION IN RATS* 

BY 

C. H. HONZIK 


INTRODUCTION 

W. S. Hunter, (1) in 1913-14, working on delayed reaction in 
animals and children, found that rats could not delay success¬ 
fully unless they oriented their bodies toward the spot from 
which they received the stimulus and kept this gross bodily 
orientation throughout the delay. In his set-up for the rats 
Hunter used a three-door choice box with an electric light* globe 
behind each door. The correct choice was always the door where 
the light was burning, and in the delayed reaction trials the 
light was turned off from one to ten seconds before the rat’s 
release. In Hunter’s own words: 

The rat, when put into the release box during the delayed reactions, 
oriented immediately to the light with its entire body and began a series of 
attacks on that side of the box in an effort tO' get out. This attempt was 
kept up until the animal was released, whereupon it went to the box (that 
is, the door) straight in front. Experiment served only to lengthen the 
period during which they would attack any one side of the release box. 
These statements hold true for all rats. 

Maier, (2) in 1929, used a set-up that consisted of three- ring- 
stands, from the top of which elevated paths led to a table and 
food, but only one ringstand (and its path) led to food; the 
other two did not. The rat was first placed at the bottom of the 
correct ring stand and allowed to run up it and over the path to 

* The expenses of this investigation were borne in part by a, grant to 
Professor E. C. Tolman from the Research Board of the University of 
California. The writer wishes to acknowledge his indebtedness to Professor 
Tolman and Professor Warner Brown for a number of suggestions. 
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food three times in succession. The rat was then, delayed cm the 
table or in another room for varying periods td time, 1 nun 1 
minute to 24 hours, and finally allowed to descend 1 nun tIn* 
table by a fourth ringstand and to attempt to choose, while on 
the floor, that ringstand and path over which ho had run pro* 
viously, this being the correct route to food, Maier's results 
showed that the rats could oft cm delay successfully over It mg 
periods of time. Maier stresses the point that tin* associative 
values of a stimulus, that is, tin* distinctiveness and familiarity 
of the environment in which the stimulus is set, constitute an 
important factor for such delayed responses. lit* thinks that 
Hunter’s rats could not delay successfully (without gross bodily 
orientation) because the three doors from which they were to 
choose the correct one were not, as such, sufficiently differentiated 
from one another. 

It occurred to the present writer that, perhaps rats could 
delay successfully even in a. ehoiee box similar to Hunter’s, if, 
before the delay,'they were allowed to run up to the* stimulus. 
The emphasis was thus put upon this preliminary running 
toward the stimulus. And this, it seemed, would have two ad van 
tages: (1) it could be made certain that the rat had actually 
received the stimulus, and (2) this running toward the stimulus 
would probably also reinforce the stimulus mid hence enhance 
the animal’s ability, after 11k* delay, to react correctly to the 
place where it had been. Preliminary to the delayed reaction 
trials, it was of course necessary to train the rats to reaet cor 
rectly and unhesitatingly to some definite stimulus. Hor this 
stimulus a white cloth curtain, was used in conjunction with two 
black curtains. The preliminary training was thus one of simple 
discrimination. The rats were required to leant to choose the 
door that held the white curtain. The position of this white 
curtained door was varied irregularly among the three ponsi 
bilities on successive trials. 
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APPARATUS AND METHODS 

The apparatus is shown diagrammatically in figure 1. The 
discrimination box was made of redwood with dimensions as 
shown. To make the three doors visible to the reader, two sides 
of the box have been omitted in the figure. The curtains were 
fitted on the outside of the box and hung half an inch below the 
lower edges of the doors so that the path leading from the door 
to the food box could be seen only by pushing aside the curtain. 


Tbod .Box 



Two of the curtains were black, the third white, and the white 
curtain was shifted haphazardly from door to door on successive 
runs. A starting box fitted with a sliding door, and set on the 
platform indicated in the figure, was used to release the rats 
into the discrimination box. Just in front of the doors five nar¬ 
row strips of tin were tacked to the floor of the box; these were 
connected to one pole of a small transformer. On the very edges 
of the doors, short lengths of copper 1 wire were fastened, and 
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these were connected to the other pole of the transformer. By 
throwing in the proper switches, the two wrong doors, that is, 
the two with black curtains, could be electrified, so that a rat 
with hind feet on the tin strips, seeking to poke his nose under a 
black curtain would invariably receive a slight shock. If was 
found that the electric current had to be stepped down consid¬ 
erably below the human threshold, rats being apparently much 
more sensitive to electric shocks than humans. This punishment 
for wrong responses tended to speed up the preliminary dis¬ 
crimination learning. 

The rats. —The rats used in the experiment were all male 
albinos, ranging in age from three to six months. During the 
training they were fed one to two grams of Steenboek mash after 
each run, and at the end of the day's running a, slightly larger 
amount was given. This was sufficient to keep the rats hungry 
and eager for food during the entire day s running and through 
out the training period. 

Preliminary training. —In order to accustom the rats to the 
box, elevated path, and curtains, preliminary training was given 
as follows: first day, six runs to food on the elevated path alone ; 
second day, six runs through the discrimination box and over the 
elevated path, no curtains being used ; third day, same as second ; 
fourth and fifth days, nine runs each day with (lie curtains 
raised at first two 1 inches above the lower edges of tin* doors and 
lowered gradually on successive runs until they hung below the 
edges of the doors. 


RESULTS OF DISCRIMINATION THAIXIXU 

Beginning with the sixth day, discrimination proper was 
begun. The correct door, that is, the door which had the path 
leading to food, always held the white curtain. Punishment of 
errors took the form of the electric shock as earlier described. 
The number of runs each day varied from nine to thirteen. 
A correct run was one in which the rat did not, try to get out, 
through a black-curtained door; the slightest movement, of a 
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black curtain by the rat was considered an error even though the 
irah did not push the curtain Tar enough to see that; no path was 
a/fc that door. The white curtain was never at the same door two 
:r\xns in succession. 

Two groups of rats, one containing eleven rats, the other 
eight, were given 12 and 9 days of such discrimination training, 
respectively. Table 1 gives the figures for the total runs and for 
the correct- runs. 

TAW/K 1 

HKSUI.TS OP I)lSCUlNONATIOUT TRAINING 



The rapidity of the rat’s learning was indicated by the fact 
tlial praetieally all (lie errors were made during the first three or 
Tour days; after the fourth day only a few errors were made, and 
7 of the 19 rats made none. Most of the rats learned to ran 
straight toward the white door the instant they were released; a 
Tow would oeeasionally run toward a. black door, pause an 
instant, and then turn to the white door. 
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RESULTS OF DELAYED REACTION 

When the discrimination of the white door was well learned, 
delayed reaction runs were started. These wen 1 conducted as 
follows: The white curtain was fastened to tlie front of a block of 
wood of the same size as the curtain itself. To the lower edge 
of the block a black curtain was Listened so that by raising the 
block and its white curtain by means of a string the black curtain 
could be brought snugly into place 1 , making the door appear like 
the other two black doors. The rat was allowed to run tmvard 
the white curtain, but the wooden block behind it prevented 
further progress. As soon as the ra,t had reached the white 
curtain, the screen (see fig. 1) was lowered, and the rat wax 
delayed for varying lengths of time during which time the rat 
did not stay in any one position but invariably ran about in the 
box. Meanwhile the block lidding the white curtain was raised, 
bringing the black curtain into position so that, when, after the 
delay, the screen was raised the rat was confronted with three 
black doors, and his task then was to choose Ihe door at which the 
white curtain had been a few seconds previously. 

For the first three days of: the delayed reaction training such 
delayed runs were interspersed among the ordinary diserimina 
tion runs. Only about five or six runs on each of these three 
days were delayed reaction runs. The object of this was to dis 
turb as little as possible the rats’ habit, of taking the white door. 
It was thought that an abrupt and complete change to the 
delayed reaction situation would tend to eon fuse the rats and 
disrupt their habit of running invariably toward the white 
curtain. After the third day all rats had 12 runs daily and of 
these the first, fifth, and ninth were discrimination runs; thus 
after the third day there were, each day, nine delayed runs and 
three discrimination runs. 

During the first four days of this delayed reaction training 
the electric shock was not used; it was resorted to later only 
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with those rats that wen* slow in learning which of the three 
black doors was correct. 

As in the previous discrimination training an error con¬ 
sisted of moving however slightly, a curtain in any of the two 
wrong doors. 

Table 2 gives tin* results of the choices after the delays. 


TABLE 2 

tiKsm/m or Dklayro RKAortoNr 


Hat# 

Total uumbor 
of run« 

Numtwr of 
rorrort ruriM 

Cor oont of 
ounvot. ruttH 

Wl 

238 

tr.n 

03 

W2 

23K 

179 

75 

w;i 

m 

as 

314 

Wl 

vas 

1ST 

78 

W5 

238 

192 

Si 

wo 

114 

■15 

39 

W7 

St 

22 

28 

WS 

HI 

27 

33 

wo. 

:m 

m 

72 

Wit) 

211 

i hi 

80 

WII 

211 

190 

90 

\Vl3 

KH 

74 

81 

WH 

KH 

70 

SO 

win 

KH 

OK 

77 

WIO 

H8 

70 

80 

WIT 

KS 

75 

85 

WIS 

KK 

57 

05 

WHI 

KH 

70 

79 

W21 

KK 

82 

94 


►Since there wen* three <loors in tlie box to choose from, the* 
probability of chousing the correct door in any one run by chance 
atone would be one third; and in a large* number ol runs the 
most probable number of eorreet runs by chance would be one- 
third of tin* total number of nuts, dims, for example, rat Wl, 
who had a total of 23H runs, could have 33 per cent, or 7th ol 
these correct by chance alone. Actually he had 33 per emit cor¬ 
rect , or almost double Ids chance percentage. It will be seen 
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from table 2 that, of the nineteen rats, only four (W. - !, W»!, \V7, 
and W8) had actual percental's close to the percentage expected 
by chance. The remaining fifteen rats had actual percent;e_res 
ranging from 63 to 94, that is, from double to almost treble the 
chance percentage. 

It is reasonable to assume that if a rut- has at least twice as 
many correct runs as chance alone would give him, he was not 
choosing doors haphazardly, but he was either in some sens,- able 
to remember the door that had had a white curtain some time 
previously or he was being guided by some cues, e.g,, olfactory, 
auditory, tactual, or visual, that were not noticed by the 
experimenter. 

To rule out possible visual or auditory cues (he following pro 
cautions were taken: (1) the black curtains were made not only 
of the same entirely opaque material hut wen* shi I ted about from 
door to door so that no curtain which might have had some di* 
tinctive mark not visible to the experimenter, could serve as a 
guide; (2) all curtains wen 1 always closely fitted and bn hit 
below the lower edge of the doors, thus preventing vision of 
the path; (3) in addition to the string by which the wooden 
block was raised, two false strings leading to the other two doors 
were used; (4) the slight scraping sound made by raising tin- 
wooden block was precluded as a guide by fixing weights to the 
two false strings and raising these on each run; lb) the move 
ments of the experimenter, which might, have acted as guides, 
were not visible to the rat. 

To rule out a possible olfactory cue several checks were made : 
(1) the black curtain which was fastened to tin* lower edge of t he 
wooden block and which was always the correct curtain and 

therefore presumably more “smelled-up” than ..(her e,.r 

tains, was frequently used in the other doors; (2) the two inch 
wooden path, which might possibly he smelted through the cur 
tain, was replaced by entirely new paths made of fresh lumber, 
and the old path was placed behind a wrong door so that, if fin- 
rats were smelling the path through the curtain, they would 
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tend to take the wrong door leading to the old path; (3) three 
pieces of cardboard eight inches square were placed on the floor 
of the box in front of the doors and these were shifted about 
while the rat was being delayed in the box, in this way eliminat¬ 
ing a. possible dependence on the scent, track the rat might have 
made when he originally ran toward the white curtain. 

.Ihieh of these cheeks for some possible' guiding cue was made 
with at least eighteen runs. No disturbances were observed in 
any ease in the rats' choices of the correct door. 


IiKNUTH OF DKIjAY 

Uoth groups of rats wore started on, their delayed reaction 
runs with delays of 7 seconds, the time required to raise the 
wooden block and to fast mi t he string at the proper plats'. The 
first group of rats (those numbered from 1 to 11), which were 
given over 2(H) delayed runs, had the delay period lengthened 
first to 15 seconds [ to runs), then to 30 seconds (an average of 
40 runs), and finally to 15 seconds (30 runs). With the longer 
delay periods the behavior of I lie rats became somewhat; uncer¬ 
tain, there was a notieeable hesitancy in the choice of tin* corn'd 
door, but. in general tin* correct choices with longer periods of 
delay were no less frequent than with the preceding short 
periods. A delay period of 3* minutes was tried with, the rats of 
the second group with *1 runs per rat, and the number of correct 
responses was somewhat higher tha.n would be expected by 
chance, but since the runs were so few in number the result is 
somewhat doubtful 

FITRTHKU. ItKSUI/PK OF DFhAYFI) RFAOTION 

To make the changing of curtains during the delayed reaction 
procedure easier and more rapid, the following changes in 
apparatus were made, A quarter-inch board of sufficient size to 
cover at once all the three doors was covered with the same 
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black cloth of which the curtains were made. This cloth-covered 
board then served for the black curtains, except for a smaller 
white piece of cloth which, could be tacked over the black cloth 
at any desired position, thus making the door at that, posit ion the 
white door. To the lower edge of the board three black curtains 
were fastened, so that the raising of the board with its black and 
white cloths brought at once all three lower black curtains into 
position before the doors. 

With this arrangement two more groups of rats, containing 
respectively 6 and 9 male albino rats, wen* rum using a 7 second 
delay period. Table 3 gives the results of the defaced react ion 
runs for these groups. 


TAHL/K 3 

Results or Dklayko Mamas 


Rats 

Total number 
of runs 

Numhor of 
oorrorf run.'! 

IW rout of 
mm 

W22. 

127 

103 

81 

W23. 

127 

55 

43 

W24... 

127 

00 

52 

W25. 

127 

81 

03 

W26. 

127 

115 

00 

W27. 

127 

m 

!I0 

W28. 

104 

55 

53 

W29. 

104 

00 

03 

W30. 

07 

20 

30 

W31. 

07 

22 

83 

W32. 

104 

08 

08 

W33. 

104 

51 

40 

W34. 

104 

80 

s;i 

W35. 

104 

74 

71 

W36. 

07 

34 

51 


It will be noticed that in these two groups of 1*1 rats, 8 rafs 

have percentages of correct runs at least twice as large as would 
be expected by chance, and that then 1 an* two pi-m-ntugeH as 
hxirh as 90. Four rats (W24, W28, and Willi) have tin- 
following percentages, 52, 53, 49, and 51, rrspoHivcly, which 
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would indicate that these rats were able sometimes to remember 
the position of the white curtain, but not consistently. Three 
rats (W23, W30, and W31), as their percentages show, were 
completely unable to remember the white curtain and chose the 
black doors haphazardly. The behavior of these three rats in 
the box, when the choice of a door was to be made, was distinctly 
different; from that of the rats whose percentage for correct runs 
was high. The better rats would often pause before a curtain 
or before two curtains in succession before finally choosing the 
correct one, the poor rats would undiscriminatingiy poke their 
noses under the nearest curtain and very often return to a 
curtain that they had already tried. 

A. repetition of the experiment made by a graduate student 
continued the previous observation, of the writer that in the 
administering of electric shock for wrong responses great care 
mlust; be taken, and that the rats are easily ruined for further 
running by too heavy and persistent shocking. It was found in 
this repetition of tin* experiment that most of the rats would not 
attempt any door (in the delayed reaction runs) when three 
black doors were presented, and that the rats that did try the 
doors did so only with evidences of great, fear and reluctance. 
With this in mind the present, experimenter ran a fourth group 
of ten rats under the same conditions existing with the second 
and third groups with the exception that during the preliminary, 
i.e., the discrimination, training, 51 runs were given in which 
all three doors were black but no shock was used. Thus the rats 
were trained to take the white, door when, it was present but also 
to attempt, one black door after another when all were black. 
When the delayed reaction training was started, five of the most 
active and least fearful ra.ts were selected and given 100 delayed 
reaction runs. In the last 24 of these 100 runs, as a check on a 
possible olfactory cue, the old “smelledmp” path was placed at 
one of the wrong doors and a fresh new path was used at the 
right door. The percentages of correct runs were as follows: 
W3, 04; WH, H!); Wit), 78; Wll, 82; W16, 97. 
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CONCLUSION 

With a set-up consisting' of a box with three curtained doors 
in which rats were required to choose that door which had corn 
tained a white curtain some seconds previously, it was found 
that the majority of rats made at least twice as many correct 
runs as would be expected by chance, Checks to discover some 
constant sensory cue that might guide the rats failed to disclose 
any such clue. It is therefore eoneluded that the choice of the 
correct door was an instance of delayed reaetion in the sense in 
which the term is commonly used. 
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the effect of familiarity on maze 

PERFORMANCE OF ALBINO RATS 


BY 

GEORGE W. HANEY* 


PROBLEM 

This investigation was carried on in the Psychological 
Laboratory of the. University of California in the fall of 1929 
and in the spring of 19110. Its purpose was to test further the 
question of latent learning. More specifically, it was to test the 
effect that, living in a maze and running about it in a random 
fashion for a period of seventy-two hours, during which time no 
reward was given, would have upon time and error curves made 
by these same rats when they wen* later run through the maze 
in the usual way with a food reward at, the end. 

111STORIUAL INTROI)UOTION 

The eoneepl of latent learning was first discussed by 
Blodgett,. 11 ' lie t ried t lie effect of running two groups of hungry 
rats through a maze wit hout a food reward for periods of three 
and seven days respectively. Hungry rats comprising a third 
control group were also run hut, were rewarded at the end of 
each run by being allowed to eat for three minutes in the reward 
box. When, on the third and the seventh day respectively, he 
introduced reward to the previously non-rewarded groups, he 
found that each group, on the day immediately following, 
brought; its error curves to approximately the level of the error 

I * Th<* mitlior iH now a member of tlm staff of the Institute for Juvenile 

ReHoare.h, (Jhipa^o. 

( 
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curve of the control group for the corresponding days. Blodgett 
removed his rats from the maze at the end of each run; hence 
there is the possible criticism that there may have been an 
element of reward even for the so-called non-reward rats in 
always going through the maze in the forward direction and in 
the fact of the mere removal from the maze and tin 1 return to the 
home cages at the end of each such forward run. 

In our investigation the procedure followed probably guarded 
against any such reward factor. During the preliminary wan¬ 
dering period the rats of the experimental and control groups 
remained in their respective mazes for approximately eighteen 
hours for any one day period, and on removal spent at least 
three hours in the home cages before being fed. 

Szymanski (2) performed an experiment similar to Blodgett’s. 
He ran three rats through a maze to the home cage in which food 
had been placed. For the first sixty one trials, during which 
period his rats were not hungry, there was no appreciable reduc¬ 
tion in time or errors. The eondilion was then changed so that 
the rats were hungry when run. They ran the maze perfectly 
in one or two trials. 

As to experimental approach, the investigation of Dashley' 1, 
is more nearly like our own. One of his groups was allowed 
to wander about in a maze for twenty minutes before making 
the first test run. During the period of test runs this group 
was rewarded at the end of each test run. Another group, which 
might be designated as the uneorreefed error group, was handled 
in the same manner as the first group save that it was not per 
mitted to correct its errors. Still a third group was run but 
the incentive was different; the rat on reaching the reward box 
found a screen between himself and the food. Bast of all, a 
control group was run in the usual maimer, i.e., the rats gained 
such knowledge as they had of the maze during the test runs 
only. Its members were fed at the end of each test run. The 
wandering group did decidedly heifer than the control group t<* 
which no such preliminary wandering was permitted. There 
were but twenty-five rats in each of Lashley’s two groups which 
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we are comparing; with a greater number of rats he might have 
obtained more or less significant differences between the two 
groups. ' 

Our results bear out Lashley’s in showing that wandering 
in a maze is a distinct aid to subsequent learning. 


PROCEDURE AND METHOD 


(!roup; s'.—The first part of the investigation was carried on 
at the University of California in the fall of 1929 and the second 
part in the spring of 1931). In each part both an experimental 
and a. control group was used. Hereafter the experimental and 
control groups used in the first part of the investigation will 
he referred to as experimental group 1 and control group 1. 
Likewise those groups used in the second part of the investi¬ 


gation will he identified as experimental group 2 and control 
group 2. In each part, of the investigation the order of run¬ 
ning during the test period was, experimental group first, and 
then control group, i.e., all the rats of the experimental group 
finished their day’s running before any of the control group 
rats were* run. 

.1 ppa m / m.sv- -Two types of mazes were used. For the experi¬ 
mental groups a T-nntze (fig. 1) was constructed of metal strips. 
It was made up of fourteen T-units, each section twelve inches 
long. At. the choice points there were guillotine doors operated 
by means of strings leading through pulleys on the ceiling to 
the experimenter’s control stand. These doors were employed 
in order to prevent rats from retracing while running the maze. 
Midway from the choice points down both the true and the false 
pathway hung black curtains, making vision to the end of the 
runways impossible. 

During the latent, learning period the maze was so arrange 
that rats could move about throughout the entire maze, going 
freely from beginning to end in either direction without emg 
impeded by blocks. The entire maze was covered by wire netting 
so as to prevent the escape ot‘ the rats. 
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For the control groups a simple rectangular maze (fig. 2) 
was constructed of metal strips, the pathways being of tin 1 same 
height and width as in the experimental maze (fig. 1). It had 



Figure 1 


no euls. Curtains were hung in this maze as in (he experimental 
maze, and it was likewise covered with wire netting in order to 
prevent the escape of the rats. 

Latent Learning Period.— The procedure for the experi¬ 
mental groups was as follows: The rats of these groups were 
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taken from their home cages in the afternoon and placed in the 
experimental maze (fig. 1), where they remained for eighteen 
hours. The maze at this time was without the block shown in 
figure 1. The schedule for this group was roughly as follows: 
rats removed from home cages at 4 p.m. and placed in the experi¬ 
mental maze to remain there until 10 a.m. the following day. 
Three hours intervened before they were fed in their home 



Figure 2 


cages, at 1 p.m. Another three-hour period intervened before 
they were again placed in the maze. During the latent learning 
period they were always fed in the home cages and never in the 
maze. This procedure was repeated with this group day by day 
for four equal periods, or until they had spent a total of seventy- 
two hours in the maze. 

For the control groups the procedure was identical except 
that they were placed in the rectangular maze (fig. 2) instead 
of the experimental one. The control group rats thus had an 
amount of handling and of experience with pathways equal to 
that of the experimental group rats. 
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Test Period I.—Following the latent learning period, the 
experimental and control groups were run one trial per day in 
the experimental maze (fig. 1). The impeding block was placed 
eighteen inches to the left of the entrance to the reward box. 
With the exception of the operation of the doors, this was the 
only change made in this maze from its condition during the 
latent learning period. The doors were operated as quietly as 
possible and from the data and observation on the rats running, 
there seems to be no evidence of disturbance as a result of their 
operation. 

Scoring.— An error was counted if any portion of the rat’s 
body penetrated beyond the curtain in a cul. Time in seconds 
was counted as the rat left the entrance box and entered the 
reward box. 

Animals .—The rats of all groups were approximately two 
and one-half months of age at the beginning of the experiment. 
All were albinos and females. Experimental group 1 and con¬ 
trol group 1 each contained thirteen rats. Experimental group 
2 and control group 2 each contained seventeen rats. 

Not more than three rats were kept in any single home 
cage; during the latent learning period food was allotted in 
equal amounts to each home cage. The amount of food allotted 
to rats in home cages was calculated to keep the rats in good 
health and without loss of weight. Care had to be taken not to 
over-feed as this would have made the rats sluggish in their 
trials. During the reward period each individual rat was fed 
separately in the reward box at the end of the maze and every 
rat received the same amount. 


RESULTS 

Errors. Figure 3 represents graphically the results in terms 
of errors for experimental group 1 and control group 1. The 
curve is based on the mean number of errors for the days in 
question as shown in table 1. 
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Figure 4 represents the error scores of experimental grmtjp 2 
and control group 2. The curve is based ttjimi fie* mean error 
scores as shown in table 2. 
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Figure 5 represents graphically the results in terms of errors 
of the combined experimental groups 1 and 2 and the combined 
control groups 1 and 2. The curve is based upon the mean 

TABLE 3 


Mean Number of Errors for Each Day's Run 



Experimental 

Groups 

1 and 2 
Combined 

Control 

Groups 

1 and 2 
Combined 


Experimental 

Groups 

1 and 2 
Combined 

Control 

Groups 

1 and 2 
Combined 

Day 

Mean 

Mean 

Day 

Mean 

Mean 
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number of errors for the combined total group for each, day of 
running, as shown in table 3. 

The per cent of the experimental group making fewer errors 
than the mean of the control group was, for each of the eighteen 
days of running, as follows: 


Day 

Per cent of 
Experimental Group 
doing better 

Day 

Per cent of 
Experimental Group 
doing better 

1 

96.7 

10 

83.4 

2 

96.7 

11 

90.0 

a 

93.4 

12 

90.0 

4 

100.0 

13 

90.0 

5 

80.0 

14 

90.0 

6 

83.4 

15 

93.4 

7 

86.7 

16 

93.4 

8 

93.4 

17 

73.4 

9 

80.0 

18 

86.7 


It can be seen from this table that the. degree of overlapping 
was small. 



Figure 6 


Figure 6 is a distribution histogram showing the distribution 
of the rats in terms of the total number of errors each made in 
learning the maze. 

Using the total error data of the combined experimental and 
control groups and calculating for the critical ratio we have: 
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Means . 

Sigma of Distribution 

Sigma of Means. 

Sigma of Difference... 

Critical Batio. 

The obtained error differences indicate real differences. 


Experimental Control 
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Figure 7 


Time .—Figure 7 represents the time scores for experimental 
group 1 and control group 1. Table 4 gives the data from which 


the carve was constructed. 


Figure 8 represents 
2 and control group 2. 


the time scores of experimental group 
Table 5 gives the data from which the 


curve was constructed. 
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Figure 9 represents tlie scores in terms of time of the com 
bined experimental groups 1 and 2 and tbe combined control 
groups 1 and 2. Tie curves are based upon tbe mean of tbe 
number of seconds which it took eacb group of rats to run tbe 
maze for tbe days in question. Table 6 gives tbe data from 
wbicb tbe curve was constructed. 
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Tbe per cent of tbe experimental group on eacb of tbe 
eighteen days of running tbat took less time to run tbe maze 
tban tbe mean time of tbe control group is shown as follows. 
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Prom this it may be seen that in respect to times flit 1 derive **f 
overlapping was much greater than was the ease in respect to 
errors. 



1 a 3 h* ^ o t a no ii w n i* t'i ^ t .* 

Figure a 

Using the total time data of the combined experimental 
and control groups and calculating for the critical ratio ue have : 

^■ eans ...Ml?7,4U IfHtCU 

Sigma of Distribution , 01*1,01 

Sigma of Means.....„ ISfUa JlltCOI 

Sigma of Difftmmco \mjl7 

Critical Ratio .. 

Compared with the critical ratio of «,« calculated on error 
scores this ratio of 1.3 does not seem very Migiiiflcant. 
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CONCLUSIONS 

1. Under the conditions of this investigation, error differences 
between rats having previous general familiarity with the maze 
and those having none, seem to be real differences. The critical 
ratio of 8.8 is indicative of a significant difference. 

2. Under the same conditions the time score differences are 
not so significant. A critical ratio of but 1.3 was obtained. 
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THE ESTABLISHMENT BY RATS OE 
TWO CONTRARY DISCRIMINATION HABITS 


BT 

EDWARD L. ROSE 


PROBLEM 

Four rats were required to pass through two successive 
two-door discrimination boxes in order to reach food. These 
two boxes were identical in size, shape, substance, and genera 
appearance. In the first box the animal had to'choose the white- 
curtained door (whether the white curtain was at the door on 
the left or at the door on the right), and avoid a black-curtained 
door in order to gain access to a path leading to the second ox 
In the second box the rat had to choose the black-curtamed 
door (whether this was on the left or the right), and a '°i a 
white-curtained door, in order to gain access to a path leading 
to food. The experiment was conducted to determine w et er 
it would be possible for the rats thus to acquire successively two 
contrary discrimination habits. 1 


PROCEDURE 

Apparatus .-The apparatus (fig. 1, ground plan and dimen¬ 
sions) was constructed of unpainted redwood. It was elevated 
three feet above the ground and illuminated by daylight coming 
through large windows at one end of a white wal e ro 
distinct shadows were formed in the boxes, and what shadmg 
there was, was practically identical in both boxes, since the light 

il wish” to thank Professor Edward C. TotowJor^his 

criticism and for editing this jg and ‘ the construction of the 

Honzik for advice concerning the animals ana me 

apparatus. 
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came to them both from the same direction and from approxi¬ 
mately equal distances. In each discrimination box, the cur¬ 
tains, of heavy Canton flannel containing a light metal strip to 
hold them taut, reached down a half-inch below the rats’ lowest 
vision, extended an inch on either side of each exit door, and 
were suspended by a wire from about an inch above the door¬ 
ways. Consequently it was impossible for the rats to see under, 
around, over, or through 2 the curtains. Furthermore these were 
easily detached from their wires and the wires were easily turned 
on their supports to facilitate changes from one box to the other 
or in each box from one exit to the other. Four possible choice- 


TABLE 1 


Door 

combinations 

I 

II 

ill 

IV 

In the last box 

Black White 

t 

White Black 

t 

White Black 

t 

Black White 

t 

In the first box 

Black White 

t 

White Black 

t 

Black White 

t 

White Black 

t 


or door-combinations could be presented to the animals (see 
table 1). (The arrows indicate the choices to be made by the 
rat). 

The runways were movable and could be shifted from one 
exit door to the other when the curtains were shifted. The 
ends of those leading from the response chambers were an inch 
below and an inch away from the doors, thus forcing the rats 
to push the curtains way out before they could make sure 
whether or not the runway was behind a given curtain. All 
runways were of the same dimensions and appearance, and 
sloped up one inch to the level of the box they led to. The final 
runway led to individual food chambers set in one large movable 
box where each rat received his entire day’s feeding of bran 


2 C. H. Honzik, using a similar set-up for testing delayed reaction (<* 
Honzik, Delayed reaction in rats, Umv. Cahf.FvM. * not 

318), made a variety of check tests winch indicated Correct 

in any way “directly sensing” the elevated runway behind the correct 

curtain. 
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mash. A runway balmy the first box wan im in order to 

make the rat\s approach to that box, at lead in its more iiiiiiiatii* 
ate portions, similar to his approach to the second b»'\. The 
entrances to both response chambers mere equipped with wooden 
drop doors but these were not used during the present experi¬ 
ment. In an effort to eliminate itny possible olfaefoiw elites, the 
floors were brushed frequently and the curtain* actually lists,i 
were interchanged from box to box, Tints* it tin* tour etttiiiifis 
used be designated as m white, a htnek, h w lisle* and h tdaeln the 
following four different “seta" or arrangements of these curtains 
were possible (table 

tabu*; t: 


Curtain S«*tf» j 

\ 

; n 

i 

« t* 

f 

; 0 

In the last box. i 

! 

b white 
b black | 

1 ii while 

14 black 

J b wlof t* 

| :i bbirh 

ft tttttJc 

, U hUet 

In the first box..,, 

a while 

a black ! 

h while 

b htftek 

i ft white 

j h Mftck 

l< wlisfe 

ft s.iwk 


The experimenter shunt in front of the tirof rnmuiy throe 
feet from the first box mid seven feet from the be.! box during 
all runs except those when rats wen* punished iuu Vm runs on! 
of 892). Except for the punishments the rats mooted no signal* 
from the experimenter, and by the time tin* series of leit run 
nings were started they gave no evidence of bonny tVtyltteited 
by his presence. 

Amniak .—'Four untrained unite albino ruts were tewd, each 
approximately seven months old at tin* beynnumf of tin* 
experiment. 

Method— The experiment consisted of preliminary training 
and 28 series of test runs. Alt the run*. both preliminary and 
test, were carried on at approximately the same time of day 
(10:00 a. m.-11:30 a.m.) and tins was the on!) feeding period 
for the rats. 

The preliminary training was meant to ftmm!o?it Urn rah to 
being handled and to acquaint them with the ciua lit urns of the 
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experiment. For three days they were trained simply to follow 
along the final section of raised runway to food. On the fourth 
day they were given six runs through the second discrimination 
box and over the final runway to food (no curtains being used). 
Then for three days they were given runs, eight each day, 
through both boxes to food (no curtains being used). And then 
for four days the rats were run to food through both boxes with 
all exit doors covered with black curtains half the time and with 
white curtains the rest of the time. Then each day for four 
days four auxiliary runs preceded the regular test runs which 
were now also started (Wednesday, February 11, 1931). The 
auxiliary runs w^ere like the test runs in having black and white 
curtain combinations in both boxes and these curtains were 
regularly changed for each run; but these auxiliary runs differed 
from the test runs in having the curtains clear the floor by one 
inch, in order to allow the rats to make what visual associations 
they desired between curtains and runways. 

On the first day of the test runs, five test runs were made; on 
each of the next four days, six; and thereafter to the end of the 
experiment, twelve test runs were made each day. Sunday, Feb¬ 
ruary 15; Sunday, February 22; Saturday, February 28; and 
Sunday, March 8, no runs were made. In each run the rats were 
faced with one of the four curtain combinations shown in table 1. 
On every run, in order to get through the maze without erring, 
they were forced to take the white door in the first box regardless 
of its position and the black door in the second box also regardless 
of its position . The rats were punished frequently though not 
regularly for their mistakes by being slapped sharply on the 
nose when they made a wrong choice. All through the experi¬ 
ment the curtains were changed from one box to the other often 
enough to break down associations that the rats might make with 
the specific curtains merely as such. After the third run of test 
series 27, i.e., on the next to the last day, the boxes were reversed 
in position, the second box being put in the first position, and 
the first box being put in the second position. This new arrange¬ 
ment was retained for twelve runs, i.e., throughout the remainder 
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of this (lavIs testing’ and fur the first three runs of the la*f «lu>, 
test series 28. Then tin 1 bows were set buck in the original 
positions, and the experiment was renttittied for nine inert* runs, 
These changes in the box positions were inf reduced in order to 
detect any association that the rats might have made between 
local signs in the discrimination chambers and the ehoiees of 
the curtains. 

Scoring,— Record was kept during tin* first eighteen test 
series of errors made on every run by eueh rat in eneh duermt' 
ination box. For the last, ten series record \\m math* not only 
of each rat’s errors in each box for every run hut of door 
combinations within each box for eaeh rum and of tie* curium 
sets used. 


RKHFbTH 

The graphs (fig. 2) show for the last twentv three teat *owiim 
the total number of actual errors made in twelve ntie by eindi 
rat in each box, and for the first five test series eomparabte toiab* 
(which conform to 1 hr twelve run lands * and which were e da 
mated from real totals of errors made in the live * or *u\ ■ actual 
runs that made up eaeh of these first few test series, Table d 
shows, for the last ten test stones for each trial, curtain eombimt 
tions (I, II, III, and IV: see table 11 and also the "'curtain or t *V‘ 
(A, B, C, or I): see table 2>. a 


3 In addition to the above results, the experimenter, offer **vuMiitug tie 
individual data aa they were obtained from day to day, tveh that He* IVfMw 
ing further description of the differences of attack of the otdoiddo d i n t % 
is valid and pertinent: 


Ra,t 1 developed at first a habit of ehnndng all »|mom *m the i^fd, 
This continued up to test series b« He then mddeut \ I’bnumI iifid elm's * 'ill 
do ??* ox Si tho left (« series 7). This second kite! gradually 
until finally, on test series 14, he learned n» ebo <ho the blind* ejiftinird doer 
m the last box, and by test series 17 had learned f« elHie wImM 
curtained door in the first box. Both these latter method's, which bopieoied 
to he the only ones adequate in this problem, were emitimied, ewe-pi M*iro 
when the rat neglected his business through an imaspfknbk lack of 
(test senes 18), and again when he suffered nn emotional mead and ab.ia 
doned all system (test series 21). It is noteworthy that Him rat , wit 
as rats 3 and 4) retained to the last a tendency to approach fir'd, ti tea f-» 
c loose first, on each run, the doors on the left, it M a he* tioteworUo that 
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Final check—On Friday, March 13, series 27, between runs 
number 3 and 4, the two boxes were interchanged so as to test 
for the rats’ dependence on local signs peculiar to each box. 
And on Saturday, March 14, series 28, between runs number 
3 and 4, they were changed back again. It will be observed from 
table 3 that rat 1 made an error in the box in the first position 
on run number 4 when he chose a black-curtained door. This 
might mean that this rat noticed the change in the positions of 
the boxes and was choosing according to their local characters, 
regardless of their positions, if it were not that the error was 
exactly like many others made previously by this rat in the 
first box and could very naturally have arisen from a left-door 
tendency; also it was the only error made in this series by rat 1. 
Furthermore, since this rat experienced no mental upset over 
the new conditions of the experiment, as was evidenced by his 
correct and easy running of the box in the second position, it 
seems permissible not to attribute any special significance to his 
lone error. None of the other rats made significant, seeming 
errors during the crucial runs. 


the learning of the last box preceded the learning of the first box, iFor this 

rat, and that his running in the last box remained easier 

that in the first. ... . -rr 

Bat 2 early in the runnings showed real signs of discrimination. He rs 
learned to choose the black door in the last b ox (test senes 8)soo 
after learned to choose the white door m the first box. He acquired no 
dominant position habits. 

Rat 3 acquired early and retained for some time a, t^series 

habit in both boxes. When he was eventually punished Oaring*«* 

10) for choosing a black door in the first box, he came to avoid . 

doors; and then after he had returned to his l eft ;, d °° r ;5 0 ^ oa £ b^ 
(during the test series 15) was again punished in the first box for a■ bl 
door choiee he finally adopted the choice of the white-curtauied door in that 
Uox while remaining for a while indiscriminate m the last box. Though 
this rat learned to choose correctly in the last box after^he> had^le^nedto 
choose correctly in the first box, it was very apparent that he found running 
in the last box “easier” than in the first. ^ _ . 

Rat 4 developed first a strong right-door-position habit. 
series 10 he received his first punishment, winch * 

correct choices of the white door in the first box. T is ~ „ bourse was 

technique of choosing the white door m all situations, h e 

not totally successful. By series 13, however,. he had 
the black door in the last box. Also at this time he built up a habit ot 
approaching first all doors on the left. 
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SUMMARY AND CONCLUSIONS 

Four white rats learned to choose a white-curtained door in 
preference to a black-curtained door in the first of two successive 
discrimination boxes and a black-curtained door in preference to 
a white-curtained door in the second of these boxes. 

Interchanges between the two boxes and between the curtains 
used in the boxes caused no upset in the performance, a fact 
which eliminates any probability that the animals were depend¬ 
ing upon secondary cues. 4 

4 The fact that in general the last box was learned more readily than the 
first box may point to a theoretically important fact or it may mean merely 
that black curtains, as such, are more readily chosen as positive stimuli than 
are white curtains. 
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